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SUMMARY 
Three f u l l y c h l o r i n a t e d h e t e r o c y c l i c compounds, n o n a c h l o r o a c r i d i n e , 
nonachlorophenanthridine and nonachloro - 7 , 8-benzoquinoline, have been 
s y n t h e s i s e d by d i r e c t c h l o r i n a t i o n o f the ap p r o p r i a t e r i n g systems. I t has 
been shown t h a t halogen exchange by a l k a l i metal f l u o r i d e s , i n a s o l v e n t or 
i n the s o l i d phase, f a i l s with these compounds c o n t a i n i n g t h r e e fused r i n g s . 
N onachloroacridine and nonachlorophenanthridine underwent n u c l e o p h i l i c 
monosubstitution i n the 9 - and 6 - p o s i t i o n s r e s p e c t i v e l y , but w i t h l a r g e r 
n u c l e o p h i l e s t h a t were b e t t e r e l e c t r o n donors, n o n - s p e c i f i c r e d u c t i v e 
d e c h l o r i n a t i o n o c c u r r e d i n s t e a d . A c i d induced h y d r o l y s i s has been shown to 
occur i n the 9 - and 6 - p o s i t i o n s , and has shown th a t n o n a c h l o r o a c r i d i n e i s 
more b a s i c than nonachlorophenanthridine. 
N u c l e o p h i l i c s u b s t i t u t i o n of h e p t a c h l o r o q u i n o l i n e and h e p t a c h l o r o i s o -
q u i n o l i n e has a l s o been i n v e s t i g a t e d . I t has been shown t h a t h e p t a c h l o r o -
q u i n o l i n e undergoes s u b s t i t u t i o n i n the 2 - p o s i t i o n , and much l e s s r e a d i l y i n 
the 4 - p o s i t i o n , probably because of s t e r i c e f f e c t s . H e p t a c h l o r o i s o q u i n o l i n e 
would only undergo monosubstitution, i n the 1 - p o s i t i o n . The p o s s i b i l i t y 
of u s i n g carbon-"13 n.m.r. to a s s i g n the p o s i t i o n of the s u b s t i t u e n t was 
i n v e s t i g a t e d but, d e s p i t e some s u c c e s s , d i f f i c u l t i e s o f assignment l i m i t the 
valu e o f the technique a t p r e s e n t . I n attempts to make model compounds f o r 
carbon-13 n.m.r. work, i t was found t h a t octachloronaphthalehe was q u i t e 
r e s i s t a n t t o n u c l e o p h i l i c a t t a c k , but underwent r e d u c t i v e d e c h l o r i n a t i o n 
q u i t e e x t e n s i v e l y . 
P e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e has been prepared from 5 , 6 , 7 , 8 -
t e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e by halogen exchange i n a s o l v e n t , and 5 , 6 , 7 , 8 -
t e t r a c h l o r o h e p t a f l u o r o i s o q u i n o l i n e has been prepared and s i m i l a r l y converted 
to p e r f l u 6 r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e . These r e s u l t s confirmed 
mechanisms proposed e a r l i e r f o r the formation of the p a r t i a l l y s a t u r a t e d 
f l u o r i n a t e d compounds during a u t o c l a v e f l u o r i n a t i o n s o f h e p t a c h l o r o q u i n o l i n e 
and h e p t a c h l o r o i s o q u i n o l i n e . P o l y f l u o r o a l k y l a t i o n was e f f e c t e d on 
p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r q q u i n c l i n e i n the 2 - and 4 - p o s i t i o n s . A range 
o f n u c l e o p h i l e s has been shown to s u b s t i t u t e p e r f l u o r o - 5 , 6 j 7 , 8 - t e t r a h y d r o -
i s o q u i n p l i n e i n the 3 - and then i n the 1 - p o s i t i o n s . 
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INTRODUCTION 
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CHAPTER I 
The S y n t h e s i s and P r o p e r t i e s o f P e r c h l o r i n a t e d Aromatic 
H e t e r o c y c l i c Compounds Co n t a i n i n g Nitrogen 
1. General I n t r o d u c t i o n 
S i n c e about 1960, many p e r c h l o r o h e t e r o c y c l i c compounds c o n t a i n i n g 
n i t r o g e n have been prepared, f r e q u e n t l y by workers i n t e r e s t e d i n p e r f l u o r o -
h e t e r o c y c l i c compounds. T h i s has been because the most convenient way of 
prep a r i n g the p e r f l u o r o h e t e r o c y c l i c compounds i s by halogen exchange 
r e a c t i o n s on the p e r c h l o r o h e t e r o c y c l i c compounds. For example, pe n t a f l u o r o -
p y r i d i n e has been prepared from p e n t a c h l o r o p y r i d i n e by he a t i n g the l a t t e r 
1 
w i t h anhydrous potassium f l u o r i d e i n an a u t o c l a v e . 
C I 
N 
KF 
i±80°C 
F 
I t had been p o s s i b l e to o b t a i n p e n t a f l u o r o p y r i d i n e by e l e c t r o c h e m i c a l 
f l u o r i n a t i o n o f p y r i d i n e o r p i p e r i d i n e , which produces undecafluoro-
2 3 4 p i p e r i d i n e ' fo l l o w e d by d e f l u o r i n a t i o n of the l a t t e r i n a n i c k e l tube, 
but t h i s was not a convenient s y n t h e t i c r o u t e to p e n t a f l u o r o p y r i d i n e . 
Ni Gauze 
560°C 
F 
S i 
The halogen exchange r e a c t i o n has been found to be much more g e n e r a l l y 
a p p l i c a b l e , so many p e r c h l o r o h e t e r o c y c l i c compounds have been prepared, but 
t h e i r p r o p e r t i e s have been l i t t l e i n v e s t i g a t e d compared with a l l the work 
repo r t e d on the p r o p e r t i e s of the f l u o r i n a t e d compounds, f o r two main reasons. 
F i r s t , the low v o l a t i l i t y and low s o l u b i l i t y of the c h l o r i n e compounds wake 
- 2 -
t h e i r handling and s e p a r a t i o n d i f f i c u l t . Secondly, a p a r t from mass 
spectrometry } t h e r e i s no v e r y convenient s p e c t r o s c o p i c "tool f o r i d e n t i f y i n g 
t h e i r s t r u c t u r e s . T h i s c o n t r a s t s w i t h the f l u o r i n a t e d compounds which are 
q u i t e s o l u b l e i n a wide range of o r g a n i c s o l v e n t s , v o l a t i l e enough to be 
19 
used i n vapour phase chromatography f and s u i t a b l e f o r i n v e s t i g a t i o n by F 
n.m.r. spectroscopy. 
The aim of t h i s work was to i n v e s t i g a t e the p r o p e r t i e s of some 
p e r c h l o r i h a t e d h e t e r o a r o m a t i c compounds where n i t r o g e n i s the h e t e r o atom and 
t o s y n t h e s i s e some new p e r c h l o r i n a t e d systems, 
2. P r e p a r a t i o n of P e r c h l o r o h e t e r o a r o m a t i c Compounds Cont a i n i n g Nitrogen 
There a r e two main approaches to t h e s y n t h e s i s o f these compounds. 
The f i r s t i n v o l v e s d i r e c t c h l o r i n a t i o n of the r e q u i r e d r i n g system, w h i l e the 
second i n v o l v e s c y c l i s a t i o n of a m a t e r i a l which i s a l r e a d y p a r t l y or f u l l y 
c h l o r i n a t e d , t o g i v e a new r i n g system. 
2.1 Methods I n v o l v i n g D i r e c t C h l o r i n a t i o n of the H e t e r o c y c l i c System 
• - 5 The c h l o r i n a t i o n of h e t e r o c y c l i c compounds i n g e n e r a l has been reviewed , 
but t h i s r e v i e w c h i e f l y d e a l s with r e a c t i o n s i n which c h l o r i n e i s the 
c h l o r i n a t i n g reagent and no c a t a l y s t i s used. Any c l a s s i f i c a t i o n o f t h e s e 
r e a c t i o n s i s r a t h e r a r b i t r a r y and the f o l l o w i n g c l a s s i f i c a t i o n has been made 
f o r convenience only.. J 
A. E l e mental C h l o r i n a t i o n i n the L i q u i d or Vapour Phase 
G e n e r a l l y , the c h l o r i n a t i o n of h e t e r o c y c l i c n i t r o g e n compounds i n the 
l i q u i d phase ( e i t h e r a s a s o l u t i o n or when the s u b s t r a t e i s a l i q u i d ) doss 
not l e a d to a v e r y high degree of c h l o r i n a t i o n , but r a t h e r to a h i g h degree 
of s p e c i f i c i t y i n the o r i e n t a t i o n of s u b s t i t u t i o n . 
When p y r i d i n e i n carbon t e t r a c h l o r i d e s o l u t i o n i s t r e a t e d w i t h c h l o r i n e 
6 
under u l t r a - v i o l e t i r r a d i a t i o n , only 2 - c h l o r o p y r i d i n e i s formed. 
~ 3 -
c i ^ c c i 
u. v. 
N CI 
Q u i n o l i n e i s converted e x c l u s i v e l y t o 5 , 8 - d i c h l o r o q u i n o l i n e by 
treatment w i t h c h l o r i n e , i n s u l p h u r i c a c i d s o l u t i o n and i n the presence o f 
7 
s i l v e r s u l p h a t e . 
C I 
CVH2 S 04 
A B / 0 4 V 
C I 
'N 
The c h l o r i n a t i o n o f 2-methylpyrazine i n carbon t e t r a c h l o r i d e , however 
i s l e s s s p e c i f i c , g i v i i . g 2-chloro - 3-methylpyrazine a s w e l l as 2-chloro - 5 -
8 ' 
methylpyrazine. 
N' CI-L 
c i 2 / c c i 4 .^CH^  
C I 
CH 
There a r e some i n s t a n c e s , however, where elemental c h l o r i n a t i o n i n 
s o l u t i o n can l e a d t o a hig h e r degree of s u b s t i t u t i o n . F o r example, when 
the sodium s a l t of N - a c e t y l i n d o l i n e - 2 - s u l p h o n i c a c i d i s c h l o r i n a t e d i n water 
q 
and the product i s base h y d r o l y s e d , 5 , 6 , 7 - t r i c h l o r o i n d o l e i s produced. 
C l / H 2 ° > ° - 1 5 ° c 
OH 
SO. Na 
T h i s t r i c h l o r o i n d o l e may be c h l o r i n a t e d f u r t h e r i n r e f l u x i n g carbon 
t e t r a c h l o r i d e , w i t h a t r a c e of i o d i n e as c a t a l y s t , t o g i v e 2,3,3,5,6,7-
h e x a c h l o r o i n d o l e n i n e . 10 
R e f l u x \ h. 
I t . h a s a l s o been p o s s i b l e to ach i e v e a h i g h e r degree of c h l o r i n a t i o n i n 
the l i q u i d phase by u s i n g more d r a s t i c c o n d i t i o n s . 2-Chloropyridine i s 
converted to 2 , 3 , 4 , 5 - t e t r a c h l o r o p y r i d i n e by p a s s i n g c h l o r i n e through a 
11 
mixture of the hot l i q u i d s u b s t r a t e and h y d r o c h l o r i c a c i d . 
Cl^/HCl 
"CI 105 C /5 h. 
C I 
P a s s i n g c h l o r i n e through heated q u i n o l i n e g i v e s a mixture of products, 
12 
i n c l u d i n g the h i g h l y c h l o r i n a t e d . 3 , 4 , 6 , 7 , 8 - p e n t a c h l o r o q u i n o l i n e . 
C I 
C l ^ .CI 
C I . 
N ^ 160-190°C/10 h. 
l e s s 
+ c h l o r i n a t e d 
q u i n o l i n e s 
E a r l y work on vapour phase c h l o r i n a t i o n s d i d not l e a d t o a v e r y high 
degree of s u b s t i t u t i o n and the p o s i t i o n of s u b s t i t u t i o n was found t o be 
q u i t e v a r i a b l e . At 200°C, p y r i d i n e i s converted t o 3 - c h l o r o p y r i d i n e , 
whereas a t 270°C, i t g i v e s a mixture of 2 - c h l o r o p y r i d i r i e and 2 , 6-dichloro-
. . . 13 p y r i d i n e . 
C I . 
200°C 
k C l . •N 270°C k CI c i-N^ / ^ c i 
P y r a z i n e has a l s o been c h l o r i n a t e d i n the vapour phase to g i v e the 
monochloro compound.^ 
kN 
C l . 
400°C 
I t has been found t h a t the vapour phase c h l o r i n a t i o n o f carbonyl 
c h l o r i d e s i s a u s e f u l s y n t h e t i c route to some c h l o r i n a t e d h e t e r o c y c l i c 
15 compounds. F o r example, 1 , 2 , 3 , 4-tetrahydroquinoline-N -carbonyl c h l o r i d e 
i s converted to h e p t a c h l o r o q u i n o l i n e by p r e - c h l o r i n a t i o n a t 50-150 C, 
followed by c h l o r i n a t i o n a t 150-5O0°C i n the presence o f a c t i v a t e d carbon. 
C0C1 
R e c e n t l y , h i g h e r temperatures and the presence of s o l i d s , have allowed 
f u l l c h l o r i n a t i o n s of compounds without f u n c t i o n a l groups to be achi e v e d . 
Thus p y r i d i n e i s converted to pentachloropyridi.ne by c h l o r i n e gas, d i l u t e d 
w i t h n i t r o g e n or carbon t e t r a c h l o r i d e , and i n the presence o f a s i l i c e o u s 
e a r t h . 
C l . 
400-500 C 
C l 
"N 
I n a r a t h e r i n t e r e s t i n g r e a c t i o n , p e n t a c h l c r o p y r i d i n e , h e p t a c h l o r o -
q u i n o l i n e and t e t r a c b l o r o p y r a z i n e have been prepared from t h e i r s a t u r a t e d 
hydrocarbon analogues by p a s s i n g the l a t t e r , w i t h c h l o r i n e and carbon 
17 
t e t r a c h l o r i d e d i l u e n t , down a heated tube. o C I C I 580 C N N 
H 
C I 
C I C I 
580 C 
N N 
H 
H 
N 
c i 
C l 
580 c 
N N 
B. Elemental C h l o r i n a t i o n with L e w i s A c i d C a t a l y s t s 
C h l o r i n a t i o n o f aromatic systems by Lewis A c i d c a t a l y s i s i s a w e l l 
known r e a c t i o n , and i s b e l i e v e d to proceed by an e l e c t r o p h i l i c p r o c e s s , i n 
which the c a t a l y s t complexes w i t h a c h l o r i n e molecule t o give a p o s i t i v e 
c h l o r i n e s p e c i e s . The p o s i t i v e c h l o r i n e then a t t a c k s the aromatic system 
to g i v e an i n t e r m e d i a t e which can e l i m i n a t e a proton to give the product. 
Thus f o r a L e w i s a c c e p t o r A, t h e c h l o r i n a t i o n o f benzene i s b e l i e v e d to 
occur as f o l l o w s . 
C l - - C l - -A 0, <H. H C l A--C1--.C1 
H- HC1 + A 
- 7 -
The s t r e n g t h of the complex between the c a t a l y s t and c h l o r i n e i s unknown 
and hence i t i s not c l e a r how n e a r l y a f r e e c h l o r i n e c a t i o n i s i n v o l v e d . 
Nitrogen h e t e r o c y c l e s a r e not expected t o be v e r y s u s c e p t i b l e to 
e l e c t r o p h i l i c a t t a c k , i n t h e presence of L e w i s A c i d s , f o r two r e a s o n s . 
F i r s t , l o c a l i s a t i o n energy c a l c u l a t i o n s show them to be i n t r i n s i c a l l y l e s s 
s u s c e p t i b l e t o e l e c t r o p h i l i c a t t a c k than c a r b o c y c l i c aromatic compounds. 
Secondly, they are themselves l i k e l y to complex w i t h t h e c a t a l y s t to p l a c e 
a p a r t i a l p o s i t i v e charge on the r i n g . P y r i d i n e , f o r example, cannot be 
18 
c h l o r i n a t e d w i t h a f e r r i c c h l o r i d e c a t a l y s t , although the same reagent 
18 
r e a d i l y c h l o r i n a t e s benzene. I t has been shown, t h a t a complex i s formed 
between p y r i d i n e and f e r r i c c h l o r i d e which i s r e s i s t a n t to a t t a c k by the 
e l e c t r o p h i l e a v a i l a b l e . 
SN 
F e C l , 
N-FeCl 
I t i s p o s s i b l e t h a t the use of a more powerful L e w i s A c i d as c a t a l y s t , 
so t h a t the e l e c t r o p h i l e i s more n e a r l y a f r e e c h l o r i n e c a t i o n , would 
enable c h l o r i n a t i o n to proceed. T h i s p o s s i b i l i t y has been demonstrated by 
4 
the c h l o r i n a t i o n of p y r i d i n e i n 50% y i e l d a t 100°C, w i t h aluminium c h l o r i d e 
l8 
as the c a t a l y s t . O b s e r v a t i o n s a r e c o n s i s t e n t w i t h t h e r e a c t i o n proceeding 
i n the f o l l o w i n g way. 
N 
2 A1C1. SN J 
«C1 
+ N" 
A1C1. 
+ C1---C1---A1C1. 
-
A1C1, 
- 8 -
The p y r i d i n i u m s a l t produced i s q u i t e i n a c t i v e towards the e l e c t r o p h i l e 
used so, when the mixture i s h y d r o l y s e d at the end o f the r e a c t i o n . 3-
c h l o r o p y r i d i n e and p y r i d i n e a r e recovered i n e q u i v a l e n t amounts. 
Q u i n o l i n e and i s o q u i n o l i n e are much more s u s c e p t i b l e t o c h l o r i n a t i o n by 
c h l o r i n e w i t h aluminium c h l o r i d e as c a t a l y s t . Q u i t e mild c o n d i t i o n s l e a d 
to the production of 5 , 6 , 7 , 8 - t e t r a c h l o r o q u i n o l i n e and 5 , 7 , 8 - t r i c h l o r o i s o -
19 
q u i n o l i n e , r e s p e c t i v e l y . ' 
C l ^ A l C l . 
150°C/4 h. 
C I 00* C l ^ A l C l . 145 C /2 h. > 
C l 
T h i s r e l a t i v e l y easy c h l o r i n a t i o n occurs i n the c a r b o c y c l i c r i n g ; presumably 
t h i s i s because any complexation through, or p r o t o n a t i o n of, the n i t r o g e n 
atom, does not.produce such a high p o s i t i v e charge on the c a r b o c y c l i c r i n g 
as on the h e t e r o c y c l i c r i n g . 
T h i s c h l o r i n a t i o n method has become known as the 'swamping c a t a l y s t 
technique', because the aluminium c h l o r i d e i s used i n e q u i v a l e n t , r a t h e r than 
t r u l y c a t a l y t i c , amounts. I t has been developed by Chambers and co-workers, 
w i t h r a t h e r more s e v e r e c o n d i t i o n s , as one stage i n the s y n t h e s i s o f a 
v a r i e t y of p e r c h l o r i n a t e d h e t e r o c y c l i c compounds o f n i t r o g e n . 
Normally, the c a r b o c y c l i c r i n g , or r i n g s , i n t h e molecule i s f u l l y 
c h l o r i n a t e d by t h i s technique, e i t h e r before or a f t e r the h e t e r o c y c l i c r i n g 
has been c h l o r i n a t e d . Thus q u i n o l i n e i s converted to 5 , 6 , 7 , 8 - t e t r a c h l o r o -
q u i n o l i n e i n 87% y i e l d , as the f i r s t step i n the p r e p a r a t i o n of h eptachioro •-• 
. , . 20,21 q u i n o l i n e . ' 
_ 9 -
C l ^ / A l C l . 
140-160 C 
More vigor o u s c o n d i t i o n s allowed the formation of some p e n t a c h l o r o q u i n o l i n e 
but the o v e r a l l y i e l d was decreased by p o l y m e r i s a t i o n . 
H exachlorophthalazine i s prepared from l ^ j r - d i c h l o r o p h t h a l a z i n e . 22 
C l ^ A l C l . 
200°C 
-5> r 
The r e a c t i o n has a l s o been used f o r the f i n a l str.ge of the p r e p a r a t i o n 
23 
of hexachlorocinnoline.. 
1 CI2/AICI3 
I n the case o f i s o q u i n o l i n e , aluminium c h l o r i d e c a t a l y s e d c h l o r i n a t i o n 
has been found to be s u f f i c i e n t l y a c t i v e t o cause e x t e n s i v e s u b s t i t u t i o n i n 
the h e t e r o c y c l i c r i n g . ^ At 150°Cj a s i n g l e h e x a c h l o r i s o q u i n o l i n e was formed 
i n 87% y i e l d . 
The q u i n o x a l i n e nucleus seems t o be s u f f i c i e n t l y r e a c t i v e f o r c h l o r i n a t i o n 
to occur w i t h m i l d e r L e w i s A c i d s as c a t a l y s t s . H e x a c h l o r o q u i n o x a l i n e has 
24 
been obtained from 2 , 3 - d i c h l o r o q u m o x a l i n e i n t h i s way. 
.Cl 
r . ^ " C l 
C1/F.C 
- 10 -
C. C h l o r i n a t i o n by Compounds of C h l o r i n e with Group V Elements 
These r e a c t i o n s may be d i v i d e d i n t o those i n which the c h l o r i n a t i n g 
agent r e p l a c e s hydrogen i n the s u b s t r a t e , and those i n which some other 
f u n c t i o n a l group, u s u a l l y h y d r o x y l , i s r e p l a c e d . 
As e a r l y as 1898, the c h l o r i n a t i o n of p y r i d i n e by phosphorus p e n t a c h l o r i d e 
. . 25 
i n b o i l i n g phosphoryl c h l o r i d e was attempted. I t was found t h a t t h i s 
method gave v e r y l i t t l e r e a c t i o n , but t h a t h e a t i n g p y r i d i n e w i t h dry 
phosphorus p e n t a c h l o r i d e i n a s e a l e d g l a s s tube, a t 210-220°C f o r 15 to 20h., 
produced a mixture c o n t a i n i n g a s i n g l e d i c h l o r o p y r i d i n e , t h r e e t r i c h l o r o -
p y r i d i n e s , t h r e e t e t r a c h l o r o p y r i d i r . e s , p e n t a c h l o r o p y r i d i n e , and o t h e r 
u n i d e n t i f i e d m a t e r i a l s . 
T h i s method has been improved to p r o v i d e a u s e f u l s y n t h e t i c route to 
1 
p e n t a c h l o r o p y r i d i n e . TJvi main improvement was to use s t e e l a u t o c l a v e s 
which allowed the temperature t o be i n c r e a s e d to 285°C. Recovered d i - and 
t r i - c h l o r o p y r i d i n e s were r e c y c l e d so t h a t a good y i e l d of a mixture of 
p e n t a c h l o r o p y r i d i n e and t e t r a c h l o r o p y r i d i n e was obtained. S e p a r a t i o n of 
p e n t a c h l o r o p y r i d i n e from t h i s mixture was q u i t e s t r a i g h t f o r w a r d . 
Phosphorus p e n t a c h l o r i d e has a l s o been used to c h l o r i n a t e arom a t i c and 
s a t u r a t e d hydrocarbons by s t i r r i n g under dry n i t r o g e n a t tempex^atures up to 
120°C. 2^ Cyclohexane, n-heptane, t o l u e n e , m e s i t y l e n e and cumene were a l l 
p a r t i a l l y c h l o r i n a t e d i n t h i s way. I t has been suggested t h a t replacement of 
a hydrogen atom i n a compound R-H o c c u r s by the f o l l o w i n g mechanism. PCI 
5 
PCI3 + C 1 2 (1) 
C 1 2 2 C l - ( 2 ) 
C I - + RH > HC 1 + R« (3) 
R- + PCI 
5 
s> RC1 •PCI, (4) 
•PCI. + RH Zj> HPCl. + R- (5) HPC], it HC1 + PC1„ (6) 
•PCI. '1 . >», PCI3 + C I - (7) 
- 11. -
S i n c e the mechanism i n v o l v e s d i s s o c i a t i o n to phosphorus t r i c h l o r i d e and 
c h l o r i n e , the c h l o r i n a t i o n i s e f f e c t i v e l y achieved by elemental c h l o r i n e ; 
phosphorus p e n t a c h l o r i d e a c t s simply as a convenient source of t h i s . A f t e r 
r e a c t i o n (4 ) , the *PC1^ r a d i c a l produced can r e a c t i n two ways - w i t h 
s u b s t r a t e or by d i s s o c i a t i n g . I f the e q u i l i b r i u m (7) l i e s w e l l to the 
r i g h t , then r e a c t i o n s (5) and (6) w i l l be unimportant. 
I t i s always found t h a t the r e a c t i o n of a n i t r o g e n h e t e r o c y c l e w i t h dry 
phosphorus p e n t a c h l o r i d e i n an a u t o c l a v e causes the h e t e r o c y c l e t o be 
c h l o r i n a t e d , but t h i s r e a c t i o n i s not always s y n t h e t i c a l l y u s e f u l . Choice of 
s u b s t r a t e and c o n d i t i o n s has to be made c a r e f u l l y i f p e r c h l o r i n a t e d h e t e r o c y c l i c 
compounds of n i t r o g e n are to be obtained. 
For example, the r e a c t i o n between phosphorus p e n t a c h l o r i d e and q u i n o l i n e 
a t temperatures ranging from 250 to 285°C produces hepte.ehloroquinoline, 
27 
h e x a c h l o r o q u i n o l i n e and decomposition products. T h i s i s not, however, a 
u s e f u l s y n t h e t i c r o u t e to heptachloroquinoli.ne because of the g r e a t d i f f i c u l t y 
o f s e p a r a t i n g the l a t t e r from t h e product mixture. H e p t a c h l o r o q u i n o l i n e i s 
r e a d i l y obtained by the c h l o r i n a t i o n of t e t r a c l i l o r o q u i n o l i n e ( p r e p a r e d as i n 
20 28 
s e c t i o n (B) above) w i t h phosphorus p e n t a c h l o r i d e . 5 
PCI. 
315 C /5 h. 
The f i v e houi's r e a c t i o n time i n c l u d e s t h e time taken to heat the a u t o c l a v e to 
the r e a c t i o n temperature. 
Phosphorus p e n t a c h l o r i d e has been q u i t e f r e q u e n t l y used to complete 
the c h l o r i n a t i o n of a h e t e r o c y c l i c n i t r o g e n conpound. T e t r a c h l o r o p y r i d a z i n e , 
30 31 h e x a c h l o r o q u i n o x a l i n e , and hexachloroquinazoAine are a l l s y n t h e s i s e d by 
29 
t h i s kind of p r o c e s s . 
- 12 -
C l A-N PCI N 
C 1 N 305 C/17 h. 
C l 
N C l -N- C l PCI 
C l 
300 C/17 h. x ^ ^ C l C l N* N 
C l C l 
N PCI 
C l 
C l 300 c N 
The c h l o r i n a t i o n of 5 , 6 , 7 - t r i c h l o r o i n d o l e w i t h phosphorus p e n t a c h l o r i d e 
32 
was o r i g i n a l l y thought to g i v e h e p t a c h l o r o i n d o l e ; i t has now been shown 
33 
t h a t the product i s h e p t a c h l o r o i n d o l e n i n e . 
C l 
C l C l 
PCI C l C l 
290 C /6 h. N C l N 
H 
C l 
As mentioned before, compounds of the Group V elements a r e f r e q u e n t l y 
used to r e p l a c e hydroxyl groups by c h l o r i n e i n a h e t e r o c y c l i c n i t r o g e n 
compound. The reagent most f r e q u e n t l y used i s r e f l u x i n g phosphoryl c h l o r i d e ; 
phosphorus pentachlorj.de or d i m e t h y l a n i l i n e may be p r e s e n t and sometimes the 
r e a c t i o n i s a c h i e v e d by phosphorus p e n t a c h l o r i d e alone. 
F o r example, 3 , 6-dihydroxypyrida.zine i s converted to 3 , 6 - d i c h l o r o p y r i d a z i n e 
34 
by r e f l u x j n g phosphoryl chlorj.de alone. 
- 13 -
Cl 
POCl, A ' 
II 
Cl 
Uric acid i s converted to 2 , 6 , 8-trichloropurine by b o i l i n g phosphoryl 
chloride alone. 
POCl. 
5,7-Dichloro-2 J3-dihycvroxyquinoxaline i s converted to 2}3,5,7-tetra-
chloroquinoxaline by a mixture of phosphorus pentachloride and r e f l u x i n g 
24 phosphoryl chloride. 
Cl ^YNv0H Cl PC1./P0C1 5 3 
The keto tautomers of hydroxy compounds are also converted to the 
corresponding chloro compounds. Ba r b i t u r i c acid i s converted to 2 , 4 , 6 - t r i -
36 3 chloropyrimidine, and 4 ,6-pyrimidindione i s converted to 4 , 6-dichloropyrimidine, 
by refluxing phosphoryl chloride and a l i t t l e dimethylaniline. 
0 Cl 
I 
H 
POCl /Dimethylaniline . 
— > 
Reflux i h. Cl 
- 14 -
c i 
P0C1 yto imethy1ani1ine 
Reflux 3 1). 6 Cl 
I n some cases, considerable care must be taken i n choice of conditions 
to obtain an e f f i c i e n t reaction. For example, quite a l o t of work has been 
done on the synthesis of 1 ,4-dichlorophthalazine from 1 ,4-dioxcphthalazine. 
Some workers have described reactions using phosphoryl chloride as reagent, 
while others have described reactions using phosphorus pentachloride as 
40-42 
- 38, 
reagent. Much more recently, Hirsch and Orphanos have claimed that 
none of these methods are r e a l l y satisfactory for obtaining pure 1,4-
43 
dichlorophthalazine. They believe they have devised a better reaction 
using phosphorus pentachloride i n a sealed system, 
0 
NH 
I 
NH 
PC1„ 
l40-150°C/4 h. 
The Value of including phosphorus pentachloride and alkylated anilines 
i s seen i n the preparation of t r i c h l o r o - l , 3 , 4 - t r i a z i n e . This was f i r s t 
isolated pure by the reaction of phosphoryl chloride alone on 5-bromo-6-
azauracil. 44 
P0C1 
45 
I t has since been shown that the yields are improved by the addition of 
phosphorus pentnchloride and N N-diethylaniline. 
As well as replacing hydroxy1 and keto groups, phosphorus pentachloride 
has been used to replace carboxylic acid groups by chlorine. For example, 
- 15 -
tetrachloropyrazine may be prepared from pyrassine -2 ,3-dicarboxylic acid by 
reaction with phosphorus pentachloride i n an autoclave.'^ 
COOH 
'COOH 
PCI. 
300°C/8 h. 
N. 
CI 
Of the other Group V elements, only antimony has been used i n i t s 
compounds to achieve chlorination of heterocyclic compounds. Antimony 
pentachloride i s known to be a vigorous chlorinating agent and i n 1882 i t 
was shown that, when quinoline i s heated with antimony pentachloride at 
temperatures ranging from 170-400°C, hexachlorobenzene and hexachloroethane 
47 
are produced. A more synthetically useful reaction is the conversion of 
9-acridanone to octachloro-9-acridanone by antimony psntachloride and iodine 
' 8 
catalyst, which was reported i n 1914. 
SbCl . 
2_ 
No reaction conditions were specified and t h i s report does not seem to have 
been followed up. 
D. Chlorination By Other Chlorinating Reagents 
Compounds of sulphur are quite frequently used as chlorinating agents. 
Simple compounds are not very active; sulphur dichloride, f o r example w i l l 
49 
only chlorinate 8-nitroquinoline to 3-chloro - 8-nitroquinoline. 
SCI. 
140 C/6 h. 
NO.- M0r 
- 16 -
Sulphuryl chloride, i n solution i n NjN-dimethylformamide has been 
shown to be a general reagent for chlorinating 2-alkylpyrazines i n the 
50 3-position. 
2~2 
45°C 
I n 1922, Silberrad reported that a mixture of sulphur monochloride, 
aluminium chloride and sulphuryl chloride produced a very potent chlorinating 
51 
reagent i n sulphuryl chloride solution. He postulated that the chlorinating 
agent formed was AlgSgClg an<*> varying reagent concentrations and the 
temperature, he was able to chlorinate benzene to almost any desired degree, 
including complete conversion to hexachlorobenzene. 
This work was not extended u n t i l I.96O when Ballester, Mollinet and 
52 
Castaner adapted the reagent by using greater amounts of aluminium chloride 
and sulphur monochloride. They were able to obtain highly chlorinated a l k y l 
aromatic compounds, including decachloro-para-xylene and octachlorotoluene. 
CC1. 
SQ 2Cl 2/AlC l 3/S 2Cl 2 
Reflux 12 h. 
CC1, 
CI V 
CC1. CC1, 
CC1 CC1. 
CI 
CI, 
H 
CI 
S 0 2 C 1 / A 1 C 1 3 / S 2 C 1 2 
Reflux 24 h. 
CI 
This Silberrad-BMC reagent ( a f t e r the workers who devised and developed 
i t ) has been widely used f o r a. wida variety of chlorinations. Recently the 
17 -
undecachlorodiphcnylmethyl radical has been made using the reagent for 
53 
chl o n nation step. 
y H SO CI /A1C1 /S CI 
2 2. 3 2 2^ 
CI 
/ Cl ° 2 ° r 
Cl 
Cl 
So f a r , no perchlorinated heterocyclic nitrogen compound has been 
synthesised using t h i s reagent, but there have been some preliminary 
investigations on the use of the'reagent f o r chlorinating heterocyclic 
compounds. 
Pyridine and quinoline are found to be much less susceptible to 
54 
c h l o r i n a t i o n by t h i s reagent than i s benzene, confirming that the process 
i s e l e c t r o p h i l i c . Neither of these compounds was s i g n i f i c a n t l y chlorinated, 
unless the reaction was carried out at a high temperature, under pressure i n 
an autoclave. Under these conditions, tetrachloropyridine can be obtained from pyridine. 
S 0 2 CV" C 1 3 / S 2 C 1 2 . 
130°c/24. h. 
, Cl. 
- 18 -
Under very forcing conditions, heptachloroquinoline may be obtained from 
quinoline. 
S 0 2 C ] 2 / A J C 1 3 / S 2 C 1 2 ; 
210°C/90 h. 
As the y i e l d i s only 7% and separation from decomposition products- i s 
d i f f i c u l t , t h i s i s not a synthetically useful reaction. 
A chlorinating reagent with a rather specialised use i s dichloromethyl 
l i t h i u m and phosphorus pentaehloride. I t has not been applied to 
heterocyclic systems but, i n carbocyclic systems, i t has been shown to 
55 
replace a carbonyl group by a dichloromethylene group. 
C l CHLi 
-110°C -L 180 C 
CHC1 CHClrj 
There i s another c h l o r i n a t i o n agent which has a specialised use f o r the 
benzotriazole ring system. . Refluxing aqua regia converts t h i s system to 
56 
4 , 5 , 6 , 7-tetrachlorobenzotriazole. 
HCl/HNO, 
Reflux 
This reaction has been shown to be generally applicable to benzotriazole 
57 
derivatives, i f acetic acid i s added to the mixture. For example, 4 ,6 ,7-
trichloro - 5-fluorobenzotriazole i s prepared from 5-fluorobenzotriazole. 
HCl/lINO^/CII^COOH 
Reflux :' 
t - 19 -
The preparation of these benzotriazoles i s important because they are 
converted to the corresponding orthophenylenediamines by zinc i n hydrochloric 
57 acid. GO 
H 
Zn/HCl 
Reflux 2 h. 
CI 
CI 
N / 
I 
H 
Zn/HCl 
Reflux 2 h. 
c i 
The orthophenylenediamines rvre important as s t a r t i n g materials for 
synthesising more complex ring systems by c y c l i s a t i o n . 
1-Chlorobenzotriazole has been used as a chlorinating agent f o r various 
58 
carbazole derivatives. As many as four chlorine atoms have been 
substituted i n the carbazole r i n g . 
'N' 
I 
H 
+ 4 
CH CI 
2 2 
/ 20 C/1.8 h. 
CI 
Cl 
2. 2 Methods Involving Cyclisation 
Any system of c l a s s i f y i n g these reactions i s bound to be somewhat 
a r b i t r a r y . The one used here i s based on convenience, rather than on any 
theoretical or mechanistic d i s t i n c t i o n s . 
- 20 -
A, Reaction Where Chlorinating Agents Cause Cyclisation 
Beck and co-workers have investigated c h l o r i n a t i o n reactions of 
59 
cyanoalkylated secondary amines, ' and found two types of reaction depending 
on the conditions. Chlorination at f a i r l y low temperatures, followed by 
vacuum pyrolysis, gives the fused pyrimidines shown below i n a reaction 
involving chlorination and cyc l i s a t i o n . 
C I 
CI X c i /150 c Ha? "v. N N Heat i n vacuum HoC JC1 CI 
2 
N N 
J CI CI 
Cl 
X 
H„C c 1 / 1 5 0 C 
Heat i n vacuum Cl Cl N N 
Cl V 
s Cl Cl 
However, f o r the f i r s t compound, .chlorination at a higher temperature 
involves c h l o r i n a t i o n , c y c l i s a t i o n , and loss of a methane or an ethane 
fragment so that a l k y l pyrimidines are produced. 
C l C l 
Cl C l HoC N N N 200 C X H 2C C l - ^ 5 5 ^ 2} CCl C l C„C1 N N 
When the chlorination of 4 , 5 , 6-trichloropyrimidine i s attempted under 
u l t r a - v i o l e t i r r a d i a t i o n , no more chlorine i s introduced but coupling of two 
- 21 -
pyrimidine units together occurs. 60 
C I 
Cl 2/u.v. 
200°C/5 h. 
A c y c l i s a t i o n of seondary amines has also been used to prepare hepta-
chloroquinoline. ^  Thus the chl o r i n a t i o n of n-propylphenylamine under 
increasingly severe conditions leads to heptachloroquinoline. 
N^AN-CH CH_CH„ 
PhCl/l0-120°C, 
C0C1 
I 
H 
2 2 3 I 
CH 
' 3 CH 
i 2 
0 CI 
Cl 2/u.v. 
FeCl / C I a 
200 C/8 h. 
B. Reactions of Tetrachloro-orthophenylene Derivatives and Similar 
Compounds 
As mentioned i n section 2.1.D above, tetrachloro-orthophenylene diamine 
and i t s derivatives are readily available from benzotriazoles. The amine 
functions w i l l react with carbonyl compounds and t h i s reaction has been 
57 
used to achieve c y c l i s a t i o n . I n t h i s way, 4 , 6 , 7-"trichloro - 5-fluoroquinoxaline 
, 62 and 4 , 5 , 6 , 7-tetrachloro - 2-trichloromethylbenzimidazole have been prepared. 
CI CI 
CI "NH 
CHO 
I 
CHO 
CI 
c c i 3 c o c i 
Cl CC1. 
-N 
I 
H 
Another tetrachloro-orthophenylene compound to have been cyclised i s 
tetrachloro-2-.nitrobenzaldehyde which, on treatment with acetone i n alkaline 
solutions produces an indigo type compound. > 1 
(CH3)2CO 
"OH 
,H 0 
Another c y c l i s a t i o n reaction involving a diamine, tv.t not an ortho-
phenylene diamine, i s the preparation of a carbazole from a 2 ,2 1-diamino-
65 
biphenyl by the action of acid. 
— C l 
N H 2 N H 2 
HC1. 
G. Reactions Involving N i t r i l e s 
These reactions are normally with perchloroaryl lithiums; . Wakefield 
and coworkers have investigated the reaction of a wide range of n i t r i l i c 
compounds with pentachlorophenyl l i t h i u m . ^ > ^ 7 They have prepared 2 ,4-
diaryl - 5 , 6 , 7 , 8-tetrachloroquinazolines by reaction of two moles of the a r y l 
n i t r i l e with pentachlorophenyl l i t h i u m , i n d i e t h y l other at -20°C, followed 
- 23 -
by re f l u x i n g for three hours. For example: 
Cl PhCN PhCN 
'Ph 
+ LiCl 
The same workers have also studied the reactions of tetrachloropyridyl 
lithiums with b e n z o n i t r i l e . ^ Thus t e t r a c h l o r o - 4 - p y r i d y l l i t h i u m reacts 
giving 5,6 ,8-trichloro-2,4«diphenyl--l,3 ,7-triazanaphtba]Lene } while tetx-a-
chloro - 2-pyridyl l i t h i u m reacts giving 6 7 , 8-trichloro-'; 4-diphenyl - l j 3 , 5 ~ 
t r i azanaphthalene. 
L i 
Cl 
N 
Cl 
2PhCN 
2PhCN 
Cl Ph 
c i 
N 
/ "Ph 
Cl 
Cl 
Cl 
Cl 
• Ph 
Ph 
A quite general synthesis of 2 , 4 , 6-trichloropyrimidines has been found 
to be the reaction of dichloroisocyanides with n i t r i l e s containing a 
69 
methylene group next to the n i t r i l e function. 
CC1, 
C1„CN=CC1 + RCH CN j 2 - E — > 500 C/5 h. 
R 
Cl 
I 
24 -
Chlorination of N-cyanoalkylpiperidines has been found to lead to an 
interesting c y c l i s a t i o n . Chlorination i n chloroform at 25-35°C i s 
followed by exhaustive chlorination at 300°C and octachloropyrimido[l , 2-a] 
azepine and 2 , 3,4 , 5 , 6 , 7-hexachloro-l } 8-naphthyridine a r e obtained i n low 
y i e l d . 
N' 
I 
CH2CK2CN 
The pyrimido azepine rearranges to pyrimidine derivatives i f i t i s 
71 
chlorinated further. 
Cl. 
320-375°C/2 h. 
D, Reactions Involving Other M u l t i p l e Carbon t o Nitrogen Bonds 
Holtschmidt and coworkers have shown that isocyamvl.es with a dichloro-
methylene group adjacent to the isocyanate function e x i s t extensively as 
72 carbamoyl chlorides. 
R-CC1 -N=C=0 
Cl Cl 
I n t h i s form, these compounds w i l l react with various amidines to give 
73 t r i a z i n e s . 
Ri 
R y 0 y m OH /H O > 
^C=N-C; + R - C ^ I || 
c r 'Cl VNH N 
.OH 
V 
R 
The nature of the R groups i s quite c r i t i c a l to the success of the reaction. 
R normally has to be phenyl or trichloromethyl, but R^  may be much more 
variable and could be a chlorine atom. 
Amidines w i l l also react with polychloroaza-alkenes to give t r i a z i n e s . 73 
I / C 1 R-C-N=C 
Cl 1 
2 \ 
NH OH"/H20 
NH, Nv. • N "Y 
R 
R, R^  and R^  may a l l be quite extensively varied and can be chlorine atoms 
or chlorinated a l k y l or aryl groups. 
The same workers have studied the reactions of isothiocyanates. They 
f i n d that pentachlorobe-lzothiazole i s formed by heating pentachlorophenyl -
o 74 
lsothiocyanate at 350 C. 
N=C=S 
3 5 0 % 
-Nv 
Cl •Cl 
Heptachloronaphtho[l,2~d]thiazole i s s i m i l a r l y formed from heptachloro-
74 
naphthalene-1-isothiocyanate. 
3 5 0 % 
E. Pyrolysis and Photolysis Reactions 
The i r r a d i a t i o n of tetrachloro - 4—N-anilino pyridine i n ethanol solution 
75 has been shown t o produce 3-aza-l,2 , 4-trichlorocarbazole. 
- 26 -
u. v. _. 
Ethanol 
5-Azaheptachloro-acenaphthylene i s produced, i n an inte r e s t i n g reaction 
where c y c l i s a t i o n i s accompanied by rearrangement, by heating heptachloro-
naphthalene-l-isocyanide dichloride, under argon i n a sealed system. 
C12C=N 
350-400 C. 
The indole ring system has also been obtained by thermal c y c l i s a t i o n 
of a suitable isocyanide derivative. Heptachloroindolenine has been 
prepared i n t h i s way by passing the reagent through the apparatus i n a slow 
77 
stream of nitrogen. 
380-400 
F. Miscellaneous Reactions 
The pyridine rin g system has been synthesised s t a r t i n g from hexachloro-
78 
cyclopenten-3-one. Reaction with l i q u i d ammonia i n die t h y l ether produces 
an acyclic amide which, on further treatment with phosphorus pentachloride 
gives a mixture of tetrachloro - 2-pyridone and pentachloropyridine. 
C l ^ XC1 
0 1 / \ =^ ci c=cci _cci ^cci -CONH c i 
CI CI 
..5o°c 
CI _C=CC1-CC1=:CC1 -C0NH, ii 2 
- 27 -
The pyridine r i n g system i s also obtained from chlorinated, unsaturated 
79 
n i t n l e s by reaction with alkoxides. A wide range of alkoxides has been 
used t o prepare 2 , 6-dialkoxy - 3 , 4 , 5-trichloropyridines. For example, 3 , 4 , 5 -
trichloro - 2 , 6-dimethoxypyridine has been prepared by using methoxide ion i n 
methanol. Cl 
Cl 
CI-CCI=CCI-CCI =CCI-CN M E 0 ~ / M E 0 H > 
20°C/2 h. MeO 
Cl 
OMe 
There i s a synthesis of 4 , 5 , 6 , 7-tetrachloroindoles based on pentachloro--
80 
phenylhydrazones. The l a t t e r are prepared from the appropriate ketone 
and pentachlorophenylhydrazine. Unfortunately, t h i s synthesis i s not 
completely general, but i t has been used to prepare 4 , 5 , 6 , 7~tetrachloro - 2 -
phenylindole, with polyphosphoric acid as the cycli s i n g agent. 
Me 
NH N-C^ Polyphosphoric acid^ r x x 
^Ph 200°C/li h. 
2 ,4-Dichloropyrimidines have been prepared s t a r t i n g from an isocyanide 
81 dichloride and a n i t r i l e , i n a reaction which i s catalysed by Lev/is Acids. 
Cl 
R 
R-CC1 -N=CC1 
FeCl. 
heat 
N 
R -CH CN 1 2 
.X, 
For the yields to be s i g n i f i c a n t , R has to be a chlorine atom, but the 
i d e n t i t y of R^  may be quite widely varied. 
3. Reactions of Perchloroheteroaromatic Compounds Containing Nitrogen 
3-1 Conversion to Corresponding Perf1uoroheteroaromatic Compounds 
The most general and successful method for achieving t h i s reaction, 
- 28 
known as a halogen exchange reaction, i s t o use a metal f l u o r i d e , either i n 
a solvent, or i n the s o l i d phase. The use of halogen exchange reactions 
i n the preparation of fluo r i n a t e d organic compounds has been reviewed, and 
the review includes sections on halogen exchange i n aromatic and hetero-
82 
aromatic compounds. Experiments on the s o l i d phase f l u o r i n a t i o n of 
chloro - 2 ,4— dinitrobenzene with several d i f f e r e n t metal fluorides have shown 
that caesium f l u o r i d e i s the most reactive metal f l u o r i d e , followed quite 
83 84 
closely by potassium f l u o r i d e , ' which i s the reagent most commonly used. 
Since the reactions are essentially nucleophilic displacements i n an 
aromatic system, some activating group would be expected to be necessary 
and the e a r l i e s t halogen exchange reaction reported was i n chloro - 2 , 4 -
85 
dinitrobenzene, which i s highly activated, i n nitrobenzene solution. 
N0_ KF/200°C Nitrobenzene 
NO, 
Cl 
Other dinitrobenzeiies, such as l-bromo-2~chloro-3,5-dinitrobenzene, have been 
shown to undergo halogen exchange i n nitrobenzene solution, but mononitro-
benzenes, such as l ,3-dibromo -2~chloro -5-nitrobenzene, w i l l not react. 
KF/200°C . 
Nitrobenzene 
02N 
Br 
The use of more polar, aprotic solvents, such as N,N-dimethylformainide, 
dimethylsulphone, N-methyl-2-pyrrolidone, and sulpholane,, has allowed halogen 
exchange reactions to be achieved on less activated systems. 
For example, 2-chioronitrobenzene i s converted to 2-fluoronitrobenzene 
8"' 
i n N,N-dimethylformamide; ' l ,4-dichloro -2-n.itrobenzene i s converted to 
- 29 -
86 l - c h l o r o - 4 — f l u o r o - 3 - n i t r o b e n z e n e i n d imethylsu lphone; and o c t a c h l o r o -
naphthalene i s conver ted comple te ly to oc t a f luo ronaph tha l ene i n sulpholane 
89 
CI 
NO, 
KF/P imethylformam i de. 
170°C/l50 h . 
F 
NO, 
CI 
NO 
V 
CI 
KF/Diniethy 1 sulphone, 
l 6 6 ° C / 4 h . 
F 
.NO, 
CI 
KF/Sulpholane. 
230 -240°C/ l4 h . 
H e t e r o c y c l i c n i t r o g e n compounds, t o o , w i l l undergo halogen exchange 
i n va r ious s o l v e n t s , bu t some a c t i v a t i n g group o the r than t h e r i n g n i t r o g e n 
atom i s sometimes necessary. Thus 2 - c h l o r o - 5 - > 1 i t r o p y r i d i n e i s conver ted t o 
2 - f l u o r o - 5 - n i t r o p y r i d i n e by potassium f l u o r i d e i n N,N-dimethyIformamide, bu t 
90 2 - c h l o r o p y r i d i n e i s u n a f f e c t e d by t h i s reagent . 
O N 
2 
N* CI 
KF/Pimethylformami dg 
120°C/8 h . 
O N _ 
• F 
Using d imethylsulphone or su lpholane , however, i t was p o s s i b l e t o 
rep lace the c h l o r i n e atoms i n s imple c h l o r o p y r i d i n e s , but r a t h e r l ong r e a c t i o n 
91 
t imes were necessary. 
KF/ D i m e t hy 1 s u 1 p h o n e „ 
21 days 
•Cl 
- 30 -
Using N - m e t h y l - 2 - p y r r o l i d o n e as th s s o l v e n t , a m i x t u r e o f p e n t a f i u o r o -
p y r i d i n e , 3 - c h l o r o t e t r a f l u o r o p y r i d i n e , and 3 , 5 - d i c h l o r o t r i f l u o r o p y r i d i n e 
92 
has been ob ta ined f rom p e n t a c h l o r o p y r i d i n e . 
CI 
K F / N - m e t h y 1 - 2 - p y r r o l i done.. 
200°C/24 h . 
F 
T ,C1 
CI 
F N--
CI 
89 
The p r e p a r a t i o n o f o c t a f l u o r o n a p h t h a l e n e , in the r.nly p r e p a r a t i o n 
o f a f u l l y f l u o r i n a t e d a romat ic or he teroaronia t ic system, by halogen 
exchange i n a so lven t which has been r e p o r t e d and i t has not been p o s s i b l e 
t o prepare hexafluorobenzene f rom hexachlorobenzena by t h i s t e chn ique . 
Probably t h i s i s because the so lven t s cannot be used a t temperatures as 
h i g h as those which are needed. 
React ion o f hexachlorobenzeHe w i t h s o l i d potassium f l u o r i d e i n an 
au toc l ave , however, produces hexaf luorobenzene, w i t h o the r l e s s f u l l y 
93 
f l u o r i n a t e d p r o d u c t s , and hexafluorobenzene may be ob ta ined pure by 
d i s t i l l a t i o n . 
CI KF 
450-500 C 
I n t h e f i e l d o f h e t e r o c y c l i c n i t r o g e n chemis t ry , potassium f l u o r i d e 
i n the s o l i d phase was f i r s t used f o r the syn thes i s o f p e n t a f l u o r o p y r i d i n e 
f rom p e n t a c h l o r o p y r i d i n e . 1,92 
- 31 -
Cl KF 
480 C/24 h . 
F 
•N 
Th i s s o l i d phase halogen-exchange r e a c t i o n has been shown t o be f a i r l y 
g e n e r a l l y a p p l i c a b l e to t h e convers ion o f p e r c h l o r o h e t e r o c y c l i c n i t r o g e n 
compounds t o the cor responding p e r f l u o r o h e t e r o c y c l e s . For example , 
h ep t a f l u o r o q u i n o l i n e , h e p t a f l u o r o i s o q u i n o l i n e , t e t r a f l u o r o p y r a z i n e , ^ 
22 
and h e x a f l u o r o p h t h a l a z i n e have a l l been synthes ised i n t h i s way. 
KF 
470 C/17 h . 
KF 
4 2 0 ° C / 2 2 j h . 
i Cl KF 
3 l O ° C / l 5 h . 
C l i KF 
290°C 
I n a l l o f these r e a c t i o n s , the m a t e r i a l i s o l a t e d f rom the au toc lave con ta ins 
some (incompletely f l u o r i n a t e d substances s bu t the p e r f l u o r o h e t e r o c y c l i c 
compound may be ob ta ined pure by d i s t i l l a t i o n . The temperature o f the 
r e a c t i o n i s h i g h l y c r i t i c a l i n the p r e p a r a t i o n o f h e x a f l u o r o p h t h a l a z i n e 
o 
because, i f i t i s much h i g h e r than 290 C, ex tens ive decomposit ion occurs 
w h i l e , i f i t i s much lower than 290 C, then f l u o r i n a t i o n i s not n e a r l y 
- 32 -
completed. I t i s apparent t h a t c o m p l i c a t i n g s ide r e a c t i o n s can occur and 
tha t the f l u o r i n a t i o n o f o the r p e r c h l o r i n a t e d systems by t h i s method may 
present cons iderable d i f f i c u l t i e s . 
3.2 N u c l e o p h i l i c S u b s t i t u t i o n Reactions 
A. C h l o r i n a t e d Ca rbocyc l i c Aromat ic Compounds 
( i ) Chlorobenzenes. Hexachlorobenzene has been known t o be a q u i t e 
i n e r t compound f o r a long t ime bu t i t has more r e c e n t l y been shown t o undergo 
n u c l e o p h i l i c s u b s t i t u t i o n , and e s p e c i a l l y r e a d i l y i f p y r i d i n e i s used as 
95 
s o l v e n t . Some o f the r e a c t i o n s which have been observed are shown below. 
CI MeO / p y r i d i n e ^ B r i e f r e f l u x 
OMe 
CI 
CI 
PhS / p y r i d i n e 
B r i e f r e f l u x 
SPh 
CI 
CI 
Me NH 2 
l 6 0 ° C / i h . 
Sealed au toc lave 
NMe, 
The o r i e n t a t i o n o f d i s u b s t i t u t i o n seems t o be q u i t e v a r i a b l e and i s 
f u r t h e r compl ica ted by the tendency o f the f i r s t s u b s t i t u e n t t o be r ep l aced , 
r a t h e r than c h l o r i n e . For example pen tach loron i t robenzene r eac t s w i t h 
aqueous ammonia t o rep lace the n i t r o group, o r t o g ive o r t h o o r para 
s u b s t i t u t i o n , w i t h the replacement o f the s u b s t i t u e n t account ing f o r 60% 
< 
o f the r e a c t i o n . 
N0„ NH. 
96 
200°C ^ 
NO, 
CI CI 
NH 
NC-
CI C I 
NIL 
- 33 -
P e n t a c h l o r o a n i l i n e , however, g ives e x c l u s i v e l y meta s u b s t i t u t i o n w i t h 
96 97 methylamine or w i t h methoxi.de i o n . 
NH 
Cl 
MeNH, 
NH 
Cl 
'NHMe 
NH 
Cl MeO 
NH 
Cl. 
OMe 
R e a c t i o n . o f methoxide i o n w i t h pen t ach lo roan i so l e produces some o f a l l th ree 
97 
p o s s i b l e d i s u b s t i t u t e d p roduc t s . 
OMe .OMe OMe OMe 
Cl MeO C l 
OMe 
' OMe 
C l C l 
OMe 
65% 26% 
The o r i e n t a t i o n o f s u b s t i t u t i o n i n pentachlorobenzene i s p a r t i c u l a r l y 
i n t e r e s t i n g , i f r a t i o n a l i s a t i o n s o f o r i e n t a t i o n p a t t e r n s are t o be made. 
W i t h a range o f n u c l e o p h i l e s , s u b s t i t u t i o n o f pentachlorobenzene occurs 
98 
main ly i n the para p o s i t i o n w i t h ammonia g i v i n g $2.% pa ra s u b s t i t u t i o n , 
99 
and methoxide i o n g i v i n g almost e x c l u s i v e para s u b s t i t u t i o n . 
H 
Cl 
C l 
N i l . 
250 C/5 h . 
MeO 
Cl 
V 
NHr 
52% 
Cl 
OMe 
V NHr 
32% 
Cl 
NH 
16% 
- 34 -
( i i ) Chloronaphthalenes . The r e a c t i o n s o f oc tachloronaphtha lene 
have no t been ve ry t ho rough ly examined b u t , l i k e hexachlorobenzene, i t seems 
t o be q u i t e r e s i s t a n t t o n u c l e o p h i l i c a t t a c k , and t h e o n l y r e a c t i o n s which 
have been r e p o r t e d i n v o l v e b i d e n t a t e a t t a c k a t the p e r i p o s i t i o n s . The 
100 
f i r s t r e a c t i o n o f t h i s type used sodium d i s u l p h i d e as reagent and l e d 
t o the i s o l a t i o n o f 2,3,4,5,6 ^ - h e x a c h l o r o n a p h t h o C l j S - c d J - l ^ - d i t h i o l e . 
K l i n g s b e r g has extended t h i s work t o prepare t h i s same compound, 2,3,6,7™ 
t e t r a c h l o r o n a p h t h o [ l , 8 ~ c d : 4 , 5 - C d 1 ] b i s [ l , 2 ] d i t h i o l e and 2 ,3 ,4 ,5 ,6 ,7 -hexachloro-
n a p h t h o [ l , 8 - c d ] - l , 2 - d i s e l e n o l e by r e a c t i o n o f oc tachloronaphtha lene w i t h 
101 
sodium d i s u l p h i d e , e lemental s u l p h u r , and elemental se lenium, r e s p e c t i v e l y , 
/ E t h a n o l 
CI CI CI 
R e f l u x 2 h . 
ci ci 
ci ci 
310-320 C/15 m C l CI 
s —s 
Se Se 
Cl Cl ci Cl 335-340 C/7 h . 
B. C h l o r i n a t e d H e t e r o c y c l i c Aromat ic Compounds 
( i ) C h l o r o p y r i d i n e s . P e n t a c h l o r o p y r i d i n e w i l l undergo n u c l e o p h i l i c 
s u b s t i t u t i o n w i t h a wide range o f nuc l eoph i l e s i n t h e 2- and 4 - p o s i t i o n s 
and the r e l a t i v e amounts o f t h e two p r o d u c t s , f o r a range o f nucleophiJ.es, 
- 35 -
are shown i n Table 1-1. 102 
Table 1-1 
Reactions o f P e n t a c h l o r o p y r i d i n e w i t h Var ious Nuc leophi les 
Nuc leoph i l e 
N H
3 
Me NH 
Et NH 
MeO" 
EtO" 
nBuO" 
Solvent 
EtOH 
Et.OH 
EtOH 
MeOH 
EtOH 
nBuOH 
P a t i o o f 4;2 
70:30 
20:80 
1:99 
85:15 
63:35 
57:43 
As the n u c l e o p h i l e s i ze increases , the r e l a t i v e amount o f t h e 2 - s u b s t i t u t e d 
compound a l so increases , i n d i c a t i n g t h a t s t e r i c e f f e c t s are i m p o r t a n t but 
t h a t , i n t h e i r absence, 4 - s u b s t i t u t i o n i s cons ide rab ly more favoured than 
2 - s u b s t i t u t i o n . Fu r the r s u b s t i t u t i o n o f these monosubs t i tu ted m a t e r i a l s 
102 
has been i n v e s t i g a t e d and 4 - s u b s t i t u t e d p y r i d i n e s r e a c t t o g i v e o n l y 
2 , 4 - d i s u b s t i t u t e d p y r i d i n e s . 2 - S u b s t i t u t e d p y r i d i n e s , however, react, t o 
g i v e bo th 2 j4 - and 2 , 6 - d i s u b s t i t u t e d p y r i d i n e s and the r e l a t i v e amount o f 
2 , 6 - d i s u b s t i t u t i o n increases w i t h the s i z e o f t h e nuc l rvophi le . 
The nature o f the s o l v e n t can a l so i n f l u e n c e o r i e n t a t i o n f o r , i n 
benzene as s o l v e n t , the r e a c t i o n between p e n t a c h l o r o p y r i d i n e and d i m e t h y l -
amine g ives e x c l u s i v e l y 2 - s u b s t i t u t i o n whereas, i n e thanol as' s o l v e n t , both 
103 
2- and 4 - s u b s t i t u t i o n occurs . 
c3 
Me NH 
2 
CI 
Benzene 
Me NH 2 v 
E thano l ' 
CI 
-NMe„ 
NMe, 
C I II 
NMe, N-
34% 
- 36 -
T h i s type o f so lven t e f f e c t has been found t o be q u i t e general f o r any 
f a i r l y bu lky a l i p h a t i c amine. 
As w i t h pentachlorobenzene d e r i v a t i v e s , s u b s t i t u t i o n i n t e t r a c h l o r o -
p y r i d i n e d e r i v a t i v e s can l ead t o the s u b s t i t u e n t be ing r ep l aced . For 
example, bo th t e t r a c h l o r o - 2 - n i t r o p y r i d i n e and t e t r a c h l o x ^ o - 4 - n i t r o p y r i d i n e 
r e a c t w i t h a v a r i e t y o f n u c l e o p h i l e s to rep lace the n i t r o group, r a t h e r 
104 
than a c h l o r i n e atom. 
( i i ) C h l o r o d i a z i n e s . T e t r a c h l o r o p y r i d a z i n e r eac t s w i t h ammonia or 
10 "5 
hydrox ide i o n t o g i v e s u b s t i t u t i o n on ly i n the 4 - p o s i t i o n . 
NHy/Ethanol 
35-40°C/ i h . 
ci II 
C I | | 
- O H / H O 
2 
However, i t seems t h a t s t e r i c f a c t o r s can be impor tan t because when a l a r g e r 
n u c l e o p h i l e , such as t r i m e t h y l a m i n e , i s used, s u b s t i t u t i o n occurs i n the 
3- and 6 - p o s i t i o n s t o g i v s qua te rnary ammonium s a l t s which lose methyl 
c h l o r i d e and produce 3 - d i m e t h y l a m i n o t r i c h l o r o p y r i d a z i n e and 3 , 6 - b i s « 
106 
( d i m e t h y l amino)d ich loropyi" idaz ine . 
NMe. NMe, 
d |  Me^N Benzene ci II Me N Benzene' 
NMe. 
E a r l y work on the n u c l e o p h i l i c s u b s t i t u t i o n o f t e t r a c h l o r o p y r i m i d i n e by 
amines enabled a d i s u b s t i t u t e d produc t t o be i s o l a t e d , bu t i t s s t r u c t u r e was 
not i d e n t i f i e d . I t has now been shown t h a t i t i s p o s s i b l e t o i s o l a t e a 
- 37 -
monosubs t i tu ted compound and t h a t s u b s t i t u t i o n occurs i n the 4- and 6-
108 
p o s i t i o n s . 
N N <N MeNH r r 
N 
MeNH MeNH 
Cl C l Acetone Acetone N N 1 Cl 
Cl 
. NHMe NHMe 
I n the case o f t e t r a c h l o r o p y r a z i n e t he re i s , o f course, o n l y one 
p o s i t i o n i n which m o n o s u b s t i t u t i o n can occur . Recent experiments suggest 
t h a t , when d i s u b s t i t u t i o n i s achieved, smal l n u c l e o p h i l e s g i v e 2 , 3 -
d i s u b s t i t u t e d py raz ine s , whereas l a r g e r n u c l e o h i l e s g i v e 2 , 6 - d i s u b s t i t u t e d 
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pyraz ines . 
C. T h e o r e t i c a l Aspects 
( i ) General P o i n t s . Any t h e o r e t i c a l i n v e s t i g a t i o n o f the mechanism 
o f n u c l e o p h i l i c s u b s t i t u t i o n i n c h l o r i n a t e d aromat ic compounds should be 
ab le t o r a t i o n a l i s e two main f a c t s . The f i r s t i s why h i g h l y c h l o r i n a t e d 
compounds are g e n e r a l l y much l e s s r e a c t i v e t han the corresponding h i g h l y 
f l u o r i n a t e d compounds, and t h e second i s why s u b s t i t u t i o n occurs a t 
p a r t i c u l a r r i n g p o s i t i o n s . . 
I t i s c l e a r t h a t , i f these obse rva t ions are t o be unders tood, the r e a c t i o n 
mechanism must be known, and t h i s i s b e l i e v e d t o i n v o l v e a o_bonded 
i n t e r m e d i a t e so t h a t , f o r hexachlorobenzene, the mechanism may be 
represented as: 
C l Nuc Nuc 
C l 
Nuc Cl C l C l 
C l C l 
C l 
where Nuc i s a general n u c l e o p h i l e . Tt i s thought tha t the f i r s t step i s 
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r a t e de t e rmin ing so t h a t the energy p r o f i l e o f the r e a c t i o n may bo 
represented as below, passing through two t r a n s i t i o n s t a tes and the 
i n t e r m e d i a t e . 
P o t e n t i a l 
Energy 
T r a n s i t i o n Sta tes 
I n t e r m e d i a t e Complex 
Reactants 
Products 
Reac t ion Co-ord ina te 
The h e i g h t o f the energy b a r r i e r , L , between the r eac t an t and the f i r s t 
t r a n s i t i o n s t a t e , which i s known as the l o c a l i s a t i o n energy, w i l l be 
c r i t i c a l i n de te rmin ing the ease o f r e a c t i o n , so i t i s impor t an t t o 
understand the na ture o f the t r a n s i t i o n s t a t e . I t i s no rma l ly taken t o be 
q u i t e s i m i l a r t o the i n t e r m e d i a t e i n which the .s imple valence bond 
d e s c r i p t i o n s i n d i c a t e t h a t charge' i s e x c l u s i v e l y on the p o s i t i o n s o r t h o and 
para t o t h e p o i n t o f s u b s t i t u t i o n . 
Cl Cl Nuc Nuc 
C l Cl C l Cl C l 
ci Cl C l CI ci Cl r 
C l C l C l 
Th i s charge d i s t r i b u t i o n i s conf i rmed by molecular o r b i t a l c a l c u l a t i o n s . 
I t must be remembered t h a t t h i s i s not the o n l y way t h a t a n u c l e o p h i l e 
might r eac t w i t h an aromat ic system, and the r e a c t i o n o f iodo-2 -n i t robenzene 
w i t h bu lky amines, such as 2 - m e t h y l p i p e r i d i n e which g ives r e d u c t i v e de-
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l o d i n a t i o n , as w e l l as s u b s t i t u t i o n , i l l u s t r a t e s t h i s . 
N O . 
100 °c 
,111 I n t h i s case, i t has been proposed t h a t the mechanism i n v o l v e s dona t ion 
o f an e l e c t r o n t o the aromat ic r i n g , g i v i n g a r a d i c a l an ion , l o s s o f i o d i d e 
i o n , g i v i n g a phenyl r a d i c a l , and hydrogen a b s t r a c t i o n by t h i s r a d i c a l . 
+ I 
s^1 
H 
N0 r 
( i i ) R e a c t i v i t y o f C h l o r i n a t e d Compounds. The low r e a c t i v i t y o f 
hexachlorobenzene, when compared t o hexaf luorobenzene, or o f p e n t a c h l o r o -
p y r i d i n e , when compared t o p e n t a f l u o r o p y r i d i n e , might be thought t o be 
caused by the g rea t e r e l e c t r o n wi thd rawing power o f f l u o r i n e atoms reduc ing 
the energy o f the n e g a t i v e l y charged t r a n s i t i o n s t a t c f i n the case o f 
f l u o r i n e compounds. However, i t i s a genera l obse rva t i on i n aromat ic 
systems t h a t a carbon t o f l u o r i n e bond i s much more r e a d i l y a t t acked by 
nuc l eoph i l e s than a carbon t o c h l o r i n e bond, and i t seems l i k e l y t h a t the 
g rea te r s u s c e p t i b i l i t y o f f l u o r i n e t o displacement i s the cause o f the 
g rea t e r r e a c t i v i t y o f p e r f l u o r i n a t e d compounds. 
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I t i s commonly thought t h a t f l u o r i d e i o n i s d i sp l aced more r e a d i l y 
than c h l o r i d e because the carbon t o f l u o r i n e bond i s more p o l a r , and the 
carbon atom i s t h e r e f o r e more p o s i t i v e and more open t o n u c l e o p h i l i c a t t a c k . 
( i i i ) E f f e c t o f Ring N i t rogen . An impor t an t e f f e c t o f r i n g n i t r o g e n 
atoms i s t o a c t i v a t e the r i n g system to n u c l e o p h i l i c a t t a c k , so t h a t 
p e n t a c h l o r o p y r i d i n e i s more r e a c t i v e than hexachlorobenzene and p e n t a f l u o r o -
p y r i d i n e i s more r e a c t i v e than hexaf luorobenzene. T h i s a c t i v a t i o n i s 
thought to a r i s e f rom the e l e c t r o n accep t ing charac te r o f the n i t r o g e n atom, 
which w i l l reduce the energy o f the t r a n s i t i o n s t a t e . I t might a l so be 
thought t ha t r i n g n i t r o g e n atoms would i n f l u e n c e the o r i e n t a t i o n o f 
s u b s t i t u t i o n , and the r e l a t i v e ease o f displacement o f halogen f rom the 
v a r i o u s monohalo h e t e r o c y c l e s should p r o v i d e i n f o r m a t i o n on such an 
i n f l uence. 
I n the case o f p y r i d i n e , a wide range o f n u c l e o p h i l i c s u b s t i t u t i o n 
r e a c t i o n s o f 2 - c h l o r o p y r i d i n e and 4 - c h l o r o p y r i d i n e has been r e p o r t e d , bu t 
no n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n s o f 3 - c h l o r o p y r i d i n e occur. 
Displacement f rom 2- and 4 - p o s i t i o n s , are i l l u s t r a t e d by the convers ion o f 
2 , 4 - d i c h l o r o p y r i d i n e t o a m i x t u r e o f 2 - -amino~4 -chloropyridine and 4—ami no-2-
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c h l o r o p y r i d i n e by r e a c t i o n w i t h ammonia. 
C I NH CI 
NH 
170-180 C/5 h . CI NH CI N N 
The e f f e c t o f the r i n g n i t r o g e n i s t h e r e f o r e t o a c t i v a t e the 2- and 4-
p o s i t i o n s o f the p y r i d i n e r i n g t o n u c l e o p h i l i c a t t a c k , but the degree o f 
a c t i v a t i o n o f the two p o s i t i o n s i s q u i t e s i m i l a r , f o r t h i s r e a c t i o n g ives 
more s u b s t i t u t i o n i n the 4 - p o s i t i o n , whereas the T s c h i t s c h i b a b i n r e a c t i o n 
113 g ives s u b s t i t u t i o n a t the 2 - p o s i t i o n e x c l u s i v e l y . 
I n the case o f p y r i d a z i n e , i t has been shown t h a t 3 - c h l o r o p y r i d a z i n e s 
w i l l undergo n u c l e o p h i l i c s u b s t i t u t i o n r e a d i l y , w i t h a range o f 
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n u c l e o p h i l e s , whereas 4 - c h l o r o p y r i d a z i n e w i l l no t . For example, 3-
c h l o r o p y r i d a z i n e i s e a s i l y conver ted t o 3-aminopyr idaz ine by r e a c t i o n w i t h 
ammonia, whereas 4 - c h l o r o p y r i d a z i n e i s much l ess r e a c t i v e . 
-—> 1-
N V 
Cl NH 2 
I n t he case o f p y r i m i d i n e , the r e a c t i o n o f 2 , 4 - d i c h l c r o p y r i m i d i n e w i t h 
115 
methoxide i o n , g i v i n g 2 -ch loro -4~methoxypyr imid ine , i l l u s t r a t e s t h a t the 
4 - p o s i t i o n i s a c t i v a t e d t o n u c l e o p h i l i c a t t a c k by the r i n g n i t r o g e n atoms, 
C l ^ k N / ^ C l " M e O - ^ ^ N x ^ C l 
Table 1-2 compares t h e p o s i t i o n s which r e a c t i o n s o f the monohalo 
compounds show are a c t i v a t e d t o n u c l e o p h i l i c a t t a c k by the r i n g n i t r o g e n , 
w i t h the p o s i t i o n s a t which a t t a c k occurs i n the p e r c h l o r i n a t e d n i t r o g e n 
he t e rocyc l e s . I t i s apparent t h a t except f o r t e t r a c h l o r o p y r i d a z i n e these 
p o s i t i o n s are the same and t h a t r i n g n i t r o g e n i s an impor tan t i n f l u e n c e on the 
o r i e n t a t i o n o f s u b s t i t u t i o n , as i s b e l i e v e d t o be the case f o r p e r f l u o r i n a t e d 
n i t r o g e n h e t e r o c y c l e s , a l though the f l u o r i n e atoms a l so have an i m p o r t a n t 
29 
e f f e c t . 
- 42 -
Table 1-2 
Comparison o f S u b s t i t u t i o n P o s i t i o n s i n Monohalo-
and Pe rch lo ro -he t e rocyc l e s 
P o s i t i o n ( s ) Which Ring 
N i t r o g e n A c t i v a t e s 
i 
P o s i t i o n ( s ) Where A t t a c k Occurs i n 
P e r c h l o r i n a t e d Compounds 
i 
C l 
N 
1 
C l | | 
/V 
Cl H 
t t 
( i v ) E f f e c t o f S u b s t i t u e n t s . The o r i e n t i n g i n f l u e n c e a r i s i n g f rom 
the r i n g n i t r o g e n leaves some exper imenta l obse rva t ions unexp la ined , n o t a b l y 
the p re fe rence o f pentachlorobenzene t o undergo n u c l e o ^ h i l i c a t t a c k i n the 
p o s i t i o n para to the hydrogen atom, the cons ide rab ly greater - r e a c t i v i t y o f 
the 4 ~ p o s i t i o n , compared t o the 2 - p o s i t i o n i n p e n t a c h l o r o p y r i d i n e , i n the 
absence o f s t e r i c e f f e c t s , and the p r e f e r r e d r e a c t i o n o f t e t r a c h l o r o p y r i d a z i n e 
i n the 4 - p o s i t i o n . Th i s o r i e n t a t i o n i s s i m i l a r t o t h a t which has been 
observed f o r psntaf luorobenzene and p e n t a f l u o r o p y r i d i n e , where i t has r e c e n t l y 
been proposed t h a t n u c l e o p h i l i c s u b s t i t u t i o n occurs so as t o maximise the 
number o f f l u o r i n e atoms o r t h o and meta t o the p o s i t i o n o f s u b s t i t u t i o n . ' 
Rate measurements on f l u o r o h y d r o p y r i d i n e s show t h a t a f l u o r i n e atom para t o 
the p o s i t i o n o f s u b s t i t u t i o n i s s l i g h t l y d e s t a b i l i s i n g r e l a t i v e to hydrogen 
118 
by a f a c t o r o f 3, when o r t h o to the p o s i t i o n o f s u b s t i t u t i o n f l u o r i n e i s 
118 a c t i v a t i n g by a f a c t o r o f 30, and when meta t o the p o s i t i o n o f s u b s t i t u t i o n 
119 
f l u o r i n e i s a c t i v a t i n g by a f a c t o r o f 23. The smal l e f f e c t o f a f l u o r i n e 
atom i n the para p o s i t i o n i s thought t o be because, i n the t r a n s i t i o n s t a t e , 
d e s t a b i l i s i n g e l e c t r o n p a i r r e p u l s i o n s are approx imate ly balanced by e l e c t r o n 
120 
w i t h d r a w a l . The a c t i v a t i n g i n f l u e n c e o f an o r t h o f l u o r i n e cannot be 
caused by s t a b i l i s a t i o n o f the t r a n s i t i o n s t a t e b u t , r a t h e r , i s be l i eved t o 
a r i s e f rom a p o l a r i s a t i o n o f the ground s t a t e , i n c r e a s i n g the p o s i t i v e 
120 
charge at the s i t e o f s u b s t i t u t i o n as shown. 
Nuc F 
^ l6 + 
F 6 ' 
The a c t i v a t i n g i n f l u e n c e <.•:>'" a meta f l u o r i n e i s thought t o be due to the 
120 
s t a b i l i s a t i o n o f the t r a n s i t i o n s t a t e by e l e c t r o n w i thd rawa l as shown. 
There has been very l i t t l e pomment on t h e o r i e n t a t i o n o f n u c l e o p h i l i c 
s u b s t i t u t i o n i n c h l o r i n a t e d compounds i n the l i t e r a t u r e , bu t the i n f l u e n c e 
o f c h l o r i n e , compared t o f l u o r i n e i n c h l o r o f l u o r o p y r i d i n e s has been 
121 
measured. These r e s u l t s show t h a t a c h l o r i n e atom o r t h o t o the p o s i t i o n 
o f s u b s t i t u t i o n i s more a c t i v a t i n g than f l u o r i n e by a f a c t o r o f about 3, 
meta c h l o r i n e and f l u o r i n e are approx imate ly e q u i v a l e n t , and t h a t para 
c h l o r i n e i s mere a c t i v a t i n g than f l u o r i n e by a f a c t o r o f about 26. These 
r e s u l t s are summarised i n Table 1-3, which g ives r a t i o s o f r a t e cons tants . 
T h i s t a b l e a l so shows the p r e d i c t e d i n f l u e n c e o f c h l o r i n e r e l a t i v e t o 
hydrogen i n the t h ree p o s i t i o n s , c a l c u l a t e d by combining the o the r r a t i o s , 
b u t i t would be d e s i r a b l e t o have these r a t i o s measured d i r e c t l y i n 
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c h l o r o h y d r o p y r i d i n e s , s ince the m u l t i p l i c a t i o n o f the o the r r a t i o s toge ther 
w i l l a l so have m u l t i p l i e d the e r r o r s . 
Table 1-3 
Rat ios o f Rate Constants f o r Reactions o f P y r i d i n e s 
S u b s t i t u t e d i n Var ious P o s i t i o n s 
P o s i t i o n 
Ortho 
Meta 
Para 
Using these values i t appears t h a t , as w i t h f l u o r i n e compounds, 
n u c l e o p h i l i c s u b s t i t u t i o n w i l l occur i n c h l o r i n e conipou:.;is a t the p o s i t i o n 
which maximises the number o f c h l o r i n e atoms o r t h o o r meta, but e s p e c i a l l y 
o r t h o , t o the p o s i t i o n o f s u b s t i t u t i o n . T h i s i s i n accord w i t h the 
observed o r i e n t a t i o n i n p e n t a c h l o r o p y r i d i n e and pentachlorobenzene, s ince , 
i n p e n t a c h l o r o p y r i d i n e , when n u c l e o p h i l i c a t t a c k occurs i n the 4 - p o s i t i o n 
the re are two o r t h o and two c h l o r i n e atoms, whereas when a t t a c k occurs i n 
Nuc 
1> 
Cl CI 
X X 
C l C l C l 
C l C l C l M 
Nuc 
the 2 - p o s i t i o n the re are an o r t h o , two meta and one para c h l o r i n e atoms. 
T h i s approach can a l so r a t i o n a l i s e the o r i e n t a t i o n o f s u b s t i t u t i o n i n 
t e t r a c h l o r o p y r i d a z i n e which occurs p r e f e r e n t i a l l y i n the 4 ~ p o s i t i o n , 
p r o v i d e d the nuc. leopbi le i s not ve ry l a r g e . 
k C l / k F k C l / k H -
30 3 . 90 
23 1 . 34 
V3 26 9 
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C l 
C I 
c i -
Nuc^ C l 
N 
II 
N 
When a t t a c k o c c u r s i n the 4 - p o s i t i o n there are two c r t h o and one meta 
c h l o r i n e atoms, whereas when a t t a c k o c c u r s i n the 3 - p o s i t i o n t h e r e a r e 
one ortho, one meta and one para c h l o r i n e atoms. The magnitude o f t h i s 
i n f l u e n c e , i n t h i s c a s e , i s presumably s u f f i c i e n t to overcome the i n f l u e n c e 
of the r i n g n i t r o g e n atom which makes the 3 ~ p o s i t i o n more s u s c e p t i b l e to 
a t t a c k , although probably not by a ve r y l a r g e amount. 
S u b s t i t u e n t s other than c h l o r i n e can a l t e r the e r i c a t a t i o n i n a way 
which w i l l depend upon whether they a r e e l e c t r o n withdrawing or e l e c t r o n 
donating. 
3.3 B a s i c i t i e s 
There have been ve r y few measurements r e p o r t e d on the b a s i c i t i e s of 
p e r c h l o r i n a t e d h e t e r o c y c l i c n i t r o g e n compounds. However, t h e base 
s t r e n g t h s of v a r i o u s c h l o r i n a t e d p y r i d i n e s have been q u a n t i t a t i v e l y 
measured by a s p e c t r o s c o p i c method, u s i n g s u l p h u r i c a c i d as the p r o t o n a t i n g 
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agent. The observed pKa v a l u e s are given i n Table 1-4. 
T a b l e 1-4 
B a s i c i t i e s of C h l o r i n a t e d P y r i d i n e s 
Compound pKa 
3 . 5 - D i c h l o r o p y r i d i n e 0-75 ± 0-03 
2 , 3 - D i c h l o r o p y r i d i n e .-O85 ± 0-01 
2.6- Dichloropyr.id.ine ••2"86 ± 0-02 
2 , 3 , 5 , 6 - T e t r a c h l o r o p y r i d i n e -5*50 ± 0«02 
P e n t a c h l o r o p y r i d i n e -6*02 ± 0-02 
123 When compared with the v a l u e f o r p y r i d i n e i t s e l f , which i s +5-2, i t i s 
apparent t h a t s u b s t i t u t i o n o f c h l o r i n e i n t o a h e t e r o c y c l i c n i t r o g e n system 
reduces the base s t r e n g t h c o n s i d e r a b l y , but to an extent which depends upon 
the p o s i t i o n of s u b s t i t u t i o n . For example, c h l o r i n e atoms s u b s t i t u t e d i n 
the p o s i t i o n s ortho t o the n i t r o g e n atom of p y r i d i n e reduce the base 
s t r e n g t h more than c h l o r i n e atoms s u b s t i t u t e d i n the meta p o s i t i o n s , I t 
i s not d i f f i c u l t to p o s t u l a t e a reason f o r t h i s observed r e d u c t i o n i n base 
s t r e n g t h . The e l e c t r o n withdrawing nature of the s u b s t i t u t e d c h l o r i n e 
atoms w i l l reduce the lone p a i r e l e c t r o n d e n s i t y on the n i t r o g e n atom, and 
so reduce th e base s t r e n g t h of the molecule. T h i s e f f e c t w i l l be g r e a t e s t 
when the s u b s t i t u e n t i s i n the p o s i t i o n s ortho to the n i t r o g e n atom. 
S i n c e f l u o r i n e i s more e l e c t r o n withdrawing than c h l o r i n e , i t might 
be expected t h a t p e n t a f l u c r o p y r i d i n e would be even l e s s b a s i c than penta-
c h l o r o p y r i d i n e and crude measurements confirm t h i s p r e d i c t i o n , g i v i n g a pKa 
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v a l u e of about -11. ' T h i s i s a v e r y low value and e a r l y experiments 
on p e n t a f l u o r o p y r i d i n e i n d i c a t e d t h a t i t was e f f e c t i v e l y non-basic. • ' * > 
More r e c e n t l y i t has been p o s s i b l e to i s o l a t e hexafluoroantimonate s a l t s of 
a v a r i e t y o f p e r f l u o r i n a t e d h e t e r o c y c l i c n i t r o g e n compounds, i n c l u d i n g 
p e n t a f l u o r o p y r i d i n e , and the order o f b a s i c i t y of the p e r f l u o r i n a t e d n i t r o g e n 
h e t e r o c y c l e s has been deduced by n.m.r. measurements. ' These show 
t h a t the b a s i c i t y i s l a r g e l y determined by the number of f l u o r i n e atoms ortho 
to the n i t r o g e n atom - the fewer ortho f l u o r i n e atoms th e r e a r e , the 
g r e a t e r i s the b a s i c i t y . Thus t e t r a f l u o r o p y r i d a z i n e i s more b a s i c than 
t e t r a f l u o r o p y r i r n i d i n e and h e p t a f l u o r o q u i n o l i n e i s more b a s i c than h e p t a f l u o r o i s c 
q u i n o l i n e . T h i s type o f e f f e c t would a l s o be expected i n the p e r e h l o r i n a t e d 
n i t r o g e n h e t e r o c y c l e s . 
The base s t r e n g t h has been found to p a r a l l e l the r e a c t i v i t y i n c e r t a i n 
r e a c t i o n s . - F o r example, p e n t a f l u o r o p y r i d i n e , h e p t a f l u o r o q u i n o l i n e and 
47 -
h e p t a f l u o r o i s o q u i n o l i n e have been found t o r e a c t w i t h gaseous hydrogen 
129 
c h l o r i d e i n s u l p h o l a n s s o l u t i o n , to r e p l a c e f l u o r i n e by c h l o r i n e . T h i s 
i s b e l i e v e d to occur v i a prot o n a t i o n . 
F CI C I 
N 
C l -5> F 
r 
H 
C l 
i l l C l F F 
F C l 
H 
C l 
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The order o f r e a c t i v i t y i s h e p t a f l u o r o q u i n o l i n e > > > h e p t a f l u o r o i s o -
q u i n o l i n e > p e n t a f l u o r o p y r i d i n e , which p a r a l l e l s the order of base s t r e n g t h . 
The base s t r e n g t h a l s o p a r a l l e l s the ease of a c i d h y d r o l y s i s f o r 
h e p t a f l u o r o q u i n o l i n e i s hydr o l y s e d by aqueous s u l p h u r i c a c i d to h e x a f l u o r o -
2-hydroxyquinoline, whereas h e p t a f l u o r o i s o q u i n o l i n e and p e n t a f l u o r o p y r i d i n e 
130 
a r e u n a f f e c t e d . 
V ^*-».0H 
By analogy, p e r c h l o r o h e t e r o c y c l i c compounds would be expected to be 
more b a s i c j and t h e r e f o r e more s u s c e p t i b l e to a c i d induced r e a c t i o n s such as 
h y d r o l y s i s , as the number of c h l o r i n e atoms ortho to the n i t r o g e n i s reduced. 
However } the o b s e r v a t i o n t h a t h e p t a c h l o r o q u i n o l i n e , which i s . presumably more 
130 
b a s i c than h e p t a f l u o r o q u i n o l i n e , i s u n a f f e c t e d by aqueous s u l p h u r i c a c i d , 
t h r c v s c o n s i d e r a b l e doubt upon t h i s p r e d i c t i o n , although t h i s o b s e r v a t i o n 
was made from experiments a t room temperature only. 
3.4 Re a c t i o n s w i t h O r g a n o i n e t a l l i c Compounds 
There has been a c o n s i d e r a b l e amount of work c a r r i e d out i n v e s t i g a t i n g 
# 
the r e a c t i o n s o f h i g h l y c h l o r i n a t e d p y r i d i n e s w i t h orgr.-.iometallic r e a g e n t s . 
Most commonly, the reagent used i s an a l k y l l i t h i u m . The r e a c t i o n normally 
occurs to give metal exchange w i t h the production of a p y r i d y l l i t h i u m , and 
the p y r i d y l l i t h i u m i s normally i d e n t i f i e d by h y d r o l y s i n g to the hydro 
compound. The nature o f the s o l v e n t has a profound e f f e c t on the r e a c t i o n . 
For example, when p e n t a c h l o r o p y r i d i n e i s r e a c t e d w i t h n-butyl l i t h i u m i n 
hydrocarbon s o l v e n t s , such as methylcyclohexane, and then h y d r o l y s e d , 3,4,5,6-
t e t r a c h l o r o p y r i d i n e i s i s o l a t e d ; when p e n t a c h l o r o p y r i d i n e i s r e a c t e d w i t h 
n~butyl l i t h i u m i n d i e t h y l e t h e r , and th e n h y d r o l y s e d , 2,3,5,6~tetrachloro~ 
131 132 p y r i d i n e i s obtained. '' 1 
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nEuLi 
0°C 
methyleyelohexane 
C l 
L i 30°C 
C l 
C l 
'N 
L i H 
nBuLi 
0°C 
d i e t h y l e t h e r 
C l 
H 2 ° 
20°C 
C l 
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Mercury and magnesium d e r i v a t i v e s have a l s o been obtained. ' 
F o r example } p e n t a c h l o r o p y r i d i n e r e a c t s w i t h magnesium to g i v e t e t r a c h l o r o -
4 - p y r i d y l magnesium c h l o r i d e , as shown by r e a c t i n g t h i s with c h l o r o t r i m e t h y l 
133 s i l a n e . 
MgCl 
C l Mg/-10°C 
t e t r a h y d r o f u r a n 
C l 
C l S i ( C H ) 
=2_J-> 
S i ( C H ) 
C l 
Copper d e r i v a t i v e s of p e n t a c h l o r o p y r i d i n e have a l s o been r e p o r t e d . " 
They have been prepared by r e a c t i n g t e t r a c h l o r o - 4 - p y r i d y . l l i t h i u m w i t h 
cuprous c h l o r i d e and they w i l l r e a c t w i t h t r i f l u o r o i o d o e t h y l e n e to d i s p l a c e 
i o d i n e . 
Cu CF=CF. 
C u C l / t e t r a h y d r o f u r a n 
-70°C /20 h. 
C l 
F C=CFI 
tit C l 
I n the hydrocarbon s e r i e s , a whole range of s i l i c o n and t i n d e r i v a t i v e s 
has been prepared by r e a c t i o n of pentachlorophenylraagnesium c h l o r i d e with 
, „ 135,136 s i l a n e s and stannanes. ' 
C l 
MgCl S i C l 
T I : F / 2 0 ° C < W 2 S i C 1 2 
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S i F . 
CgCl MgCl 
CgCl MgCl 
C 6 C I 5 M Q C I 
C.C1 MgCl b 5 
C X l M g C l 6 5 
C-Cl MgCl b 5 
-3» 
THF/20°C 
Ph SiC). 
THF/20°C 
P h 2 S i C l 2 ; 
THF/20°C 
Ph SnCl 
J ^ 
THF/20°C 
P h 2 S n C l 2 r 
THF/20°C 
SnCl, 
^ - 9 
TI1F/20°C 
( C 6 C l 5 ) 3 S i F 
c 6 c i 5 s i P h 3 
( c 6 c i 5 ) 2 S i P h 2 
C-Clr.SnPh„ b 5 3 
( C 6 C l 5 ) 2 S n P h 2 
( C 6 C l 5 ) 4 S n 
T e t r a c h l o r o - 2 - p y r i d y l d e r i v a t i v e s g e n e r a l l y r e a c t w i t h n-butyl l i t h i u m i n the 
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same way to g i v e m e t a l l a t i o n a t the 4 — p o s i t i o n . 
L i H 
CI nBuLi 
•R 
CI 
H 2 ° 
CI C I 
R 
T h i s r e a c t i o n has been shown t o occur where R i s methoxy dimethylamino, 
p i p e r i d i n o or p y r r o l i d i n o . 
T h i s m e t a l l a t i o n r e a c t i o n which o c c u r s with p e n t a c h l o r o p y r i d i n e i s i n 
marked c o n t r a s t to the r e a c t i o n between a l k y l l i t h i u m s and p e r f l u o r i n a t e d 
n i t r o g e n h e t e r o c y c l e s } where a l k y l a t i o n occurs. F o r example, p e n t a f l u o r o -
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p y r i d i n e r e a c t s with phenyl l i t h i u m to g i v e t e t r a f l u o r o - 4 - p h e n y l p y r i d i n e . 
P h L i / E t h e r 
R e f l u x 
- 51 -
The c h l o r i n a t e d p y r i d y l l i t h i u m s are reasonably s t a b l e , even a t room 
temperature, but t h e r e i s evidence t h a t they can l o s e l i t h i u m c h l o r i d e to 
form t r a n s i e n t pyridyne s p e c i e s . T r i c h l o r o - 3 ~ p y r i d y n e s seem to be much 
more r e a d i l y formed than t r i e h l o r o - 2 - p y r i d y n e s . 5 For example, i f 
t e t r a c h l o r o - 4 - p y r i d y l l i t h i u m i s b o i l e d i n e t h e r i n the presence of any 
methyl s u b s t i t u t e d benzene, 1 , 4-addition products are obtained. 
L i 
C I B o i l i n g ether,. R C I 
R, 
A l l the R groups may be e i t h e r methyl or hydrogen. A corresponding r e a c t i o n 
f o r t e t r a c h l o r o - 2 - p y r i d y l l i t h i u m only o c c u r s w i t h m e s i t y l e n e , and i n low 
y i e l d . 
I t has been p o s s i b l e to i s o l a t e f u r a n adducts o f 2-pyridynes which 
d e r i v e from 3 - p y r i d y l l i t h i u m s . T e t r a c h l o r o ~ 4 - p i p e r i d i n o p y r i d i n e r e a c t s 
w i t h n-butyl l i t h i u m to g i v e the ' 3 - p y r i d y l l i t h i u m which on warming i n the 
pres e n t of f u r a n forms an adduct of t r i c h l o r o - 4 - p i p e r i d i n o - 2 - p y r i d y n e . 
nBuLi, warm. 
c i 0 ! 
I t has been shown t h a t t h i s r e a c t i o n occu:.~s f o r a range o f 4 - s u b s t i t u t e d 
t e t r a c h l o r o p y r i d i n e s . 
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R 
C l nBuLi 
N 
R 
C l 
. L i 
warm 
The R group may be dimethylamino or p y r r o l i d i n o , as w e l l as p i p e r i d i n o . 
Tetrachloro-4-methoxypyridine r e a c t s with a l k y l l i t h i u m s i n a manner 
which depends on the a l k y l group. With t - b u t y l l i t h i u m the r e a c t i o n 
proceeds as above, v i a the 3-pyi*idyl l i t h i u m and the 2-pyridyne. 
OMe OMe 
C l t B u L i , 
OMe OMe 
L i 
C l warm, 
N 
C l 
N 
However, w i t h phenyl l.i th? uin, a l k y l a t i o n o c c u r s , f i r s t i n the 4 - p o s i t i o n and 
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then i n the p o s i t i o n s ortho to the ni t r o g e n atom. 
OMe Ph Ph Ph 
C l PhLL C phLi P I i L i 
•N-
C l 
*Ph 
A corresponding r e a c t i o n occui's with 4-methoxyphenyl l i t h i u m , 4—-dimethyl. 
aminophenyl l i t h i u m , and 4 - t r i f luoi'omethylphenyl l i t h i u m . 1 
Phenyl l i t h i u m has been found to r e a c t w i t h p e n t a c h l o r o p y r i d i n e to 
gi v e o c t a c h l o r o - 4 , 4 1 - b i p y r i d i n e presumably by r e a c t i o n of t e t r a c h l o r o -
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4-pyridyl l i t h i u m w i t h u n r e a c t e d p e n t a c h l o r o p y r i d i n e . 
C l PhLi 
-70°C 
t e t r a h y d r o f u r a n 
N C l C l N 
T e t r a c h l c r o - 4 - p y r i d y l d e r i v a t i v e s , where the s u b s t i t u t e d group contains 
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sulphur, have a l s o been r e a c t e d with n-butyl l i t h i u m . ' T e t r a c h l o r o -
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4-mercaptopyridine r e a c t s t o g i v e metal1ation at the 2- and 3 - p o s i t i o n s , 
as shown by the products of h y d r o l y s i s . 
SH 
CI i ) nBuLi, 
i i ) H a0 
70% 
SH 
C I 
30% 
H 
The methylated t h i o e t h e r , however g i v e s l a r g e l y s u b s t i t u t i o n , or even 
m e t a l l a t i o n , a t the 4 - p o s i t i o n so t h a t 4 - n - b u t y l t e t r a c h l o r o p y r i d i n e and 
2,3,5,6-tetrachloropyridine are produced. 
SMe nBu 
CI i ) nBuLi i i ) H20. c i 
A h e p t a c h l o r o b i p y r i d y l l i t h i u m has a l s o been, prepared by r e a c t i o n o f 
4 , 4 ' - o c t a c h l o r o b i p y r i d y l with n-butyl l i t h i u m i n d i e t h y l ether. 1 The 
i d e n t i t y of t h i s o r g a n o m e t a l l i c reagent i s r e v e a l e d by h y d r o l y s i n g i t . 
nBuLi 
•75°C 
d i e t h y l e t h e r rvir 
H 
I f the l i t h i u m compound i s warmed i n the presence of 1,4-bis-isopropylbenzene, 
an adduct of the a r y n e . i s produced. 
i P r 
- L i 
i P r 
warm 
i P r 
i.Pr 
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There has been v i r t u a l l y no work done on the r e a c t i o n s of other 
c h l o r i n a t e d h e t e r o a r o m a t i c systems of n i t r o g e n with o r g a n o m e t a l l i c reagents. 
I t lias been found t h a t t e t r a c h l o r o p y r a z i n e tends not to r e a c t l i k e 
68 
p e n t a c h l o r o p y r i d i n e to g i v e m e t a l l a t i c n , but r a t h e r to g i v e a l k y l a t i o n . 
Thus methyl l i t h i u m and phenyl l i t h i u m r e a c t to g i v e t r i c h l o r o m e t h y l p y r a z i n e 
and t r i c h l o r o p h e n y l p y r a z i n e , r e s p e c t i v e l y . 
C l MeLi 
-N 
C l P h L i 
When t e t r a c h l o r o p y r a z i n e i s t r e a t e d w i t h n-butyl l i t h i u m however, no 
r e c o g n i z a b l e products a r e obtained. 
I n g e n e r a l , i t seems t h a t t h e r e a c t i o n s of p e r c h l o r i n a t e d heteroaromatic 
compounds c o n t a i n i n g n i t r o g e n w i t h o r g a n o i n e t a l l i c r e a g e n t s a r e r a t h e r 
complicated and not p r o p e r l y understood. 
3.5 P e r c h l o r i n a t e d N-Oxides ' 
I t i s d i f f i c u l t to o x i d i s e a n i t r o g e n atom i n a p e r c h l o r i n a t e d 
h e t e r o c y c l i c compound to gi v e the N-oxide, presumably because of i t s 
low b a s i c i t y . F o l l o w i n g the o b s e r v a t i o n t h a t t r i f l u o r o p e r a c e t i c a c i d 
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o x i d i s e s 2 , 6 - d i c h l o r o p y r i d i n e i n good y i e l d , t h i s reagent has been used 
n / 104 149 
to o x i d i s e p e n t a c h l o r o p y r i d i n e , i n y i e l d s of o n l y about 20%. ' 
C l 
N 
CF„C0„II/H 0 3 2 2 2, 
50°C/5 h. 
C l 
I 
o 
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Not s u r p r i s i n g l y , p e n t a c h l o r o p y r i d i n e - 1 - o x i d e has been found to be 
more s u s c e p t i b l e to n u c l e o p h i l i c a t t a c k than p e n t a c h l o r o p y r i d i n e i t s e l f 
and a t t a c k o c c u r s only i n the 2- and 6 - p o s i t i o n s . i For example i t 
r e a c t s w i t h p i p e r i d i n e to give t r i c h l o r o - 2 , 6 - d i p i p e r i d i n o p y r i d i n e - l - o x i d e 
CI 
20°C 
Al s o , p e n t a c h l o r o p y r i d i n e - 1 - o x i d e w i l l r e a c t w i t h G r i g n a r d r e a g e n t s , 
i n c o n t r a s t to p e n t a c h l o r o p y r i d i n e i t s e l f . S i n c e t h e N-oxides c a n be de 
oxygenated with phosphoryl c h l o r i d e , t h i s p r o v i d e s a convenient route to 
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t e t r a c h l o r o - 2 - m e t h y l p y r i d i n e and t r i c h l o r o - 2 6 - d i i n e t h y l p y r i d i n e . 
CI 1 MeMgl 
J 20°C 
e t h e r 
C I 
X 
•Me 
0 
PCI. 
C I 
•Me 
MeMgl, 
20 ° c ' 
e t h e r 
I 
o 
P C I 3 
C l 
Me-^5!S^..^^N-Me 
As noted e a r l i e r , t r i f l u o r o p e r a c e t i c a c i d only c o n v e r t s p e n t a c h l o r o -
p y r i d i n e to i t s N-oxide i n y i e l d s o f about 20%, C h i v e r s and S u s c h i t z k y 
have developed two new rea g e n t s f o r o x i d i s i n g p e r c h l o r o h e t e r o a r o m a t i c 
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compounds on t h e h e t e r o c y c l i c n i t r o g e n atom. ' The f i r s t reagent i 
a mixture of a c e t i c a c i d , c o n c e n t r a t e d s u l p h u r i c a c i d and 90% hydrogen 
peroxide; the second reagent i s a mixture of t r i f l u o r o a c e t i c a c i d , 
c o n c e n t r a t e d s u l p h u r i c a c i d and 90% hydrogen peroxide. These r e a g e n t s 
have been used to prepare p e n t a c h l o r o p y r i d i n e - l - o x i d e i n 85% y i e l d , a s w e l l 
as N-oxides o f t e t r a c h l o r o p y r a z i n e and o c t a c h l o r o - 4 , 4 ' ~ b i p y r i d i n e . 
C l Reagent I , 
20°C/48 h. 
Reagent I I . 
20°C/ 1.8 h. 
C l 
56% 
0 
4-5% 
C l 
* 0 
c i 
Reagent I I , 
20°C/72 h. 
C l C l 
I i 
0 I 0 
30% 20% 
These reagents a r e not u n i v e r s a l l y a p p l i c a b l e , however. T e t r a c h l o r o -
p y r i d a z i n e , h e p t a c h l o r o q u i n o l i n e , h e p t a c h l o r o i s o q u i n o l i n e and hexachloro-
1 
c i n n o l i n e give no r e a c t i o n u n l e s s the mixture i s heated, and then h y d r o l y s i 
o c c u r s . There i s some evidence t h a t t e t r a c h l o r o p y r i m i d i n e may be 
converted to the 1-oxide, but the r e s u l t s were not r e p r o d u c i b l e . 
3.6 P y r o l y s i s and P h o t o l y s i s R e a c t i o n s 
The p h o t o l y s i s o f p e r c h l o r i n a t e d aromatic systems has not been much 
i n v e s t i g a t e d and the most common r e a c t i o n seems to i n v o l v e breakage of the 
carbon to c h l o r i n e bonds hoinolytica.lly. P h o t o l y s i s of p e n t a c h l o r o p y r i d i n e 
w i t h a medium p r e s s u r e mercury lamp, i n benzene s o l u t i o n produces t e t r a c h l o r o -
4 -phenylpyridine, and i n a range of o t h e r s o l v e n t s the major product i s 
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2 , 3 , 5 , 6 - t e t r a c h l o r o p y r i d i n e . 
C l u. V. benzene 
Ph 
C l 
C l u. v. dioxan 
d i e t h y l e t h e r 
cyclohexane 
H 
C l 
N 
The p h o t o l y s i s of p e n t a c h l o r o p y r i d i n e - 1 - o x i d e i n carbon t e t r a c h l o r i d e g i v e s 
153 
a completely d i f f e r e n t r e a c t i o n , ' because, as w e l l as producing penta-
c h l o r o p y r i d i n e , r i n g opening occurs to g i v e p e n t a c h l o r o b u t a d i e n y l ~ l - i s o c y a n a t e 
and t h e r e i s c o n s i d e r a b l e degradation. 
C l 
I 
0 
u. v. 
CC1. C l 
c i 
c i ^Xs. C l 
C l 
NCO 
There has been one r e p o r t of a rearrangement r e a c t i o n o c c u r r i n g by the 
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p h o t o l y s i s of a p e r c h l o r o h e t e r o a r o m a t i c system, and t h i s was the 
c o n v e r s i o n of t e t r a c h l o r o p y r i d a z i n e to t e t r a c h l o r o p y r a z i n e by p h o t o l y s i s i n 
i n e r t s o l v e n t s . 
-N> C l || U. V. C l 
N 
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Attempts to repeat t h i s r e a c t i o n under a v a r i e t y of c o n d i t i o n s , however 
have given very poor y i e l d s of t e t r a c h l o r o p y r a z i n e and e x t e n s i v e 
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decomposi11on. 
D e s p i t e t h i s , the l a s t rearrangement r e a c t i o n suggests t h a t p e r c h l o r o -
h e t e r o c y c l i c compounds may be as v e r s a t i l e as p e r f l u o r o h e t e r o c y c l i c 
compounds i n undergoing a wide range of photochemically i n i t i a t e d 
rearrangements. T y p i c a l of the s e a r e the i s o m e r i s a t i o n of t e t r a f l u o r o -
p y r i d a z i n e to t e t r a f l u o r o p y r a z i n e and o f . d i f l u o r o - 4 , 5 ~ k i s ( h e p t a f l u o r o -
i s o p r o p y l ) p y r i d a z i n e to d i f l u o r o - 2 , 5 - b i s ( h e p t a f l u o r o i s o p r o p y l ) p y . r a z i n e , 
1^ 6 
under the i n f l u e n c e of l i g h t from a medium p r e s s u r e mercury lamp. 
r II 
CF, 
• CF,. 
CF, 
"CF 
I 
CF. 
F || 
u. v. 
U. V. 
The mechanism of these rearrangements i s u n c l e a r , but d i a z a dewar benzenes 
157 
have been i s o l a t e d . 
P y r o l y s e s which have been most s t u d i e d a r e those where two n i t r o g e n s 
are next to one another i n a c h l o r i n a t e d h e t e r o c y c l i c r i n g . G e n e r a l l y , 
r e a c t i o n can proceed i n two ways. F i r s t , l o s s of n i t r o g e n can occur, and 
t h i s i s what happens with h e x a c h l o r o c i n n o l i n e where the r e s u l t i n g d i - r a d i c a l 
158 
undergoes a rearrangement to .give h e x a c h l o r o p h e n y l a c e t y l e n e i n 37% y i e l d . ' 
760-780 C, 
-N 
2 
3,. 
=CC1 
Secondly, the n i t r o g e n to n i t r o g e n bond may break w i t h l o s s of c h l o r i n e , 
so t h a t a d i n i t r i l e i s produced. T h i s i s what i s observed w i t h hexachloro--
158 
p h t h a l a z i n e , tetrachloro-1, 2-dicyanobenzene being formed i n 92% y i e l d . 
CN 
N 775 C C l C l C l C l N CN 
The p y r o l y s i s o f t e t r a c h l o r o p y r i d a z i n e i t s e l f i s more complex because 
both of th e s e two p r o c e s s e s occur and the major p r o d u c t s a r e hexachloro-
butadiene, t e t r a c h l o r o e t h y l e n e , hexachlorobenzene and both isomers of 1,2-
158 
d i c h l o r o d i c y a n o e t h y l e n e . The t r a n s f o r m a t i o n s which i t i s proposed occur 
i n t h i s r e a c t i o n , a r e as shown below. 
C l 
CC1_=CC1-CC1=CC1 CC1 =CC1 0-3% 
30% 10% C1CN 
C l C l C l 
C l 
C l 
D i m e r i se o r t r i m e r i s e C,C1_CC1=.CC1 CL C l 
C l 
0«5% C C L f - C l 0-2% 2 * 4 C l 
N CN 
C l 
N 
1% C l „ 
N C1CN 
(CN) 
C l C l C l 
C l CN CN 
C.C1 C l 
z J C1(CN)C=C(CN)C1 C l 
Y C l CN CN 10% 
C l C l 
DISCUSSION 
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CHAPTER I I 
Syntheses of Some Pe r c h ] . o r o h e t e r o c y c l i c Compounds C o n t a i n i n g Nitrogen 
1. I n t r o d u c t i o n 
1.1 Ring Systems, Numbering and Nomenclature 
Three t r i c y c l i c r i n g systems c o n t a i n i n g one n i t r o g e n atom were 
i n v e s t i g a t e d and they were the systems shown below: 
4? N 
N 
N 
These compounds are normally known as acrid?.ne } p h e n a n t h r i d i n e and 7,8-
benzoquinolinej r e s p e c t i v e l y . 
Today a c r i d i n e i s always numbered as shown below with the n i t r o g e n 
atom i n the 10-position, and most p u b l i c a t i o n s on a c r i d i n e s use t h i s 
numbering system: 
N 
10 
L i k e anthracene, the 9,10 p o s i t i o n s a re p a r t i c u l a r y r e a c t i v e and a c r i d i n e 
may be p a r t i a l l y reduced a c r o s s the 9r a n >* 10-positions to g i v e a 
d i h y d r o a c r i d i n e which i s known as a c r i d a n . 
H -
N 
H 
A c r i d i n e may a l s o be o x i d i s e d to a ketone s commonly known as acridono but 
more p r o p e r l y c a l l e d 9-&cridanone. 
0 
AAA 
H 
The c o r r e c t numbering system f o r phenanthridine p l a c e s the n i t r o g e n 
atom i n the 5 - p o s i t i o n , a s shown: 
10 9 no 
Howeverj an e a r l i e r numbering scheme i n which the n i t r o g e n atom i s i n the 
10-position, i s f r e q u e n t l y used i n the l i t e r a t u r e , a s shown below' and 
c a r e must be taken to a v o i d c o n f u s i o n . 
L i k e a c r i d i n e , p henanthridine may be reduced or o x i d i s e d to g i v e the 
corresponding phenanthridan and 6-phenanthridanone. 
7,8-Benzoquinoline i s named as a q u i n o l i n e because i n i t s p r o p e r t i e s 
i t c l o s e l y resembles q u i n o l i n e . However, i t i s much b e t t e r to d e s c r i b e 
as 1-azaphenanthrene and use the numbering system shown: 
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7 f " 
10 
I t does not undergo o x i d a t i o n or r e d u c t i o n i n a. way analogous to a c r i d i n e 
o r p henanthridine. 
1.2 E a r l y Work on P r e p a r a t i o n of Halogenated D e r i v a t i v e s 
A. A c r i d i n e s 
A wide range of a c r i d i n e s w i t h a c h l o r i n e atom i n the 9 - p o s i t i o n have 
been s y n t h e s i s e d , s i n c e a standard s y n t h e s i s of the a c r i d i n e r i n g system 
i n v o l v e s c y c l i s a t i o n , and 9-chlo.roacridine i t s e l f i s prepared from 
159 
diphenylamine-2-carboxylic a c i d . 
HOOC 
P0C1 
R e f l u x 
A c r i d i n e i t s e l f may be brominated with N-bromosuccinimids, i n b o i l i n g 
carbon t e t r a c h l o r i d e and i n the presence of benzoyl peroxide, to g i v e a 
range of monobromo- and dibromo-acridines, as w e l l as other compounds. 
The product of elemental bromination depends on the nature o f t h e s o l v e n t , 
161 
and can a r i s e from s u b s t i t u t i o n or a d d i t i o n . I n carbon t e t r a c h l o r i d e 
s o l u t i o n , a d d i t i o n o c c u r s to g i v e 10-bromoacridinium bromide, but i n a c e t i c 
a c i d a mixture of 2-bromoacridine and 2,7-dLbrcmoaoridine i s produced. 
Br /CC1 
r 
Br Br" 
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Br 
BrVCH„COOH 
R e f l u x 3 h. 
N N 
Br B i 
N 
I n the ca s e of f l u o r i n a t e d a c r i d i n e s , a whole range of lowly f l u o r i n a t 
compounds has been prepared by c y c l i s a t i o n s o f s u i t a b l e diphenylamine-2-
l62 
c a r b o x y l i c a c i d s . l J 2 , 3 , 4 - T e t r a f l u o r o a c r i d i n e has been prepared i n 
s e v e r a l s t a g e s as shown i n F i g u r e 2 - l } s t a r t i n g from 2}3,4,5,6-pentafluoro-
16 3 
2'-nitrodiphenylmethanol. 
FIGURE 2-1 
0 H OH 
CrO„/CH„COOIi 
F 
0_N 0 N 
Zn/NH,Cl/EtOH 
CT C / l * h. 
Ok to 250 c/15 ni o F 
I I 
P0C1 
R e f l u x 4 h. 
CI 
H„/Pd 
N N 
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l,2,3,4-Tetrafluoro-9~methyl a c r i d i n e has been obtained by r e a c t i o n between 
164-
a n i l i n e and pentafluorophenylmethyl ketone. 
NH 
'CH„ 
Halogenated 9-acridanones a r e g e n e r a l l y more widely known than 
halogenated a c r i d i n e s , probably because a c r i d i n e s w i t h a 9~halogen atom 
a r e e a s i l y h y d r o l y s e d to the 9-acridanone e s p e c i a l l y when t h e r e a r e other 
halogen atoms p r e s e n t . When 9-acridanone i s t r e a t e d with elemental 
bromine i n a c e t i c a c i d s o l u t i o n , 2,7-dibromo-9-acridanone J or 2,4,5,7-
tetrabromo-9-acridanone may be i s o l a t e d , depending upon the s e v e r i t y of 
the c o n d i t i o n s used. 
Brg/CH^COOH 
Re f l u x 10 m. 
B r V C H COOH 
Reflux 
18-24 h. 
S i m i l a r r e s u l t s a r e obtained when 9-acridanone i s r e a c t e d w i t h elemental 
c h l o r i n e , but g e n e r a l l y m i l d e r c o n d i t i o n s a r e needed, 
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1,2,3,4,5,6.7,8-Octachloro-9-acridanone has been prepared i n two ways. 
As a l r e a d y mentioned, i t may be prepared by the d i r e c t c h . l o r i n a t i o n of 
9-acridanone w i t h antimony p e n t a c h l o r i d e . 48 The d i a z o t i s a t i o n of t e t r a -
c h l o r o a n t h r a n i l i c a c i d i n a c e t i c a c i d s o l u t i o n produces 1,2,3,4,5,6,7,8-
octachloro-9-acridanone i n low y i e l d , together w i t h o t h e r compounds. 
0 C I 
COOH NaNO 
CH COOH 
COOH 
l T 
H CI 
1,2 S3,4,5,6,7,8-Octafluoro-9-acridanone has a l s o been prepared i n two 
ways and the f i r s t i s analogous to t h e d i a z o t i s a t i o n method d e s c r i b e d above, 
I69 
although a s e p a r a t e c y c l i s a t i o n s t e p i s r e q u i r e d . 
F 0 G . COOH NHr D i a z o t i s e , COOH F 
F 
The second method r e p o r t e d i s the e l e c t r o c h e m i c a l o x i d a t i o n o f 2-
* 
aminononaf luorobenzopheno::e. ^ ® 
0 
I t i s apparent t h a t no e x h a u s t i v e halogenation o f a c r i d i n e , a s opposed to 
9-acridanone, has been r e p o r t e d , nor have any ver y h i g h l y halogenated 
a c r i d i n e s been prepared. Because of i t s ready a v a i l a b i l i t y , 9 - c h l o r o a c r i d i n e 
seems to be the most convenient s t a r t i n g m a t e r i a l f o r any attempted 
s y n t h e s i s o f h i g h l y c h l o r i n a t e d a c r i d i n e s by the d i r e c t c h l o r i n a t i o n of the 
a c r i d i n e r i n g system. 
B, P h e n a n t h r i d i n e s 
No h i g h l y halogenated p h e n a n t h r i d i n e s have been r e p o r t e d , nor has any 
work been d e s c r i b e d on the halogenation of t h i s r i n g system. 6-Chloro-
phenanthridine, l i k e 9 ~ c h l o r o a c r i d i n e i s q u i t e w e l l known and i s prepared 
171 
from 6-phenanthridanone. 
POCl / R e f l u x 
3 > 
D i m e t h y l a n i l i n e ' vv 
c i 
T h i s seems to be the most s u i t a b l e s t a r t i n g m a t e r i a l f o r an e x h a u s t i v e 
c h l o r i n a t i o n of the phe:lanthridine r i n g system. 
C. 7.8-Benzoqui n o l i nes 
No h i g h l y halogenated 7,8-benzoquinolines have been r e p o r t e d nor has 
any d i r e c t h a l o g e n a t i o n of the r i n g system been c a r r i e d out. 
2. P r e p a r a t i o n of S t a r t i n g M a t e r i a l s 
2.1 9-C h l o r o a c r i d i n e 
4 
T h i s was the s t a r t i n g m a t e r i a l chosen f o r the attempted p r e p a r a t i o n of 
n o n a c h l o r o a c r i d i n e by the d i r e c t c h l o r i n a t i o n of the a c r i d i n e r i n g system. 
A. P r e p a r a t i o n of 9 - C h l o r o a c r i d i n e from 9-Acridanone 
T h i s c o n v e r s i o n was c a r r i e d out by using phosphoryl c h l o r i d e as reagent, 
172 
i n a procedure s i m i l a r to t h a t of Graebe and L a g o d z i n s k i , the mechanism of 
173 
which has been i n v e s t i g a t e d by Drozdov. I n i t i a l l y v ery poor r e s u l t s 
were obtained, but the a d d i t i o n of a s m a l l amount of m i n e r a l a c i d enabled good 
y i e l d s to be achieved. 
POCl /H SO, } 2 k 
TJeTrux73~TFr;—* 1 
- 6? 
B. P r e p a r a t i o n of 9-C h l o r o a c r i d i n e from Dj.phc:ny.laininc-2"Carboxylic A c i d 
T h i s was the method most commonly used f o r the s y n t h e s i s o f 9-
159 
c h l o r o a c r i d i n e and i t followed the method o f Magidson and Grigorowski, 
which has been improved by A l b e r t and R i t c h i e . 1 Phosphoryl c h l o r i d e 
was the reagent, but aga i n i t was found t h a t a small amount of min e r a l a c i d 
was n e c e s s a r y f o r good r e s u l t s to be obtained 
COOH 
P 0 C V H2 S 04 
R e f l u x 3 h. J 
C. P r e p a r a t i o n of Diphenylamins-2-carboxylic k '.id 
T h i s was prepared by an Ullmann condensation r e a c t i o n J between 
a n i l i n e and 2-chlorobenzoic a c i d , i n the presence of base and w i t h a copper 
c a t a l y s t . O r i g i n a l l y the r e a c t i o n was c a r r i e d out i n iso-amyl a l c o h o l a s 
s o l v e n t but t h i s was not ver y s a t i s f a c t o r y and the procedure of A l l e n and 
McKee,*^ i n which the r e a c t i o n i s c a r r i e d out i n e x c e s s a n i l i n e , was 
adopted. Potassium carbonate . was used a s the base and c u p r i c oxide as 
c a t a l y s t . aCOOH CI. H N-2 CuO/K 2C0 3 ( ^ ^ ^ Reflux/2 h? COOH 
2.2 6-Chlorophenanthridine 
T h i s was prepared from d i p h e n i c a c i d , which was f i r s t converted to 
6-phenanthridanone i n t h r e e s t a g e s , f o l l o w i n g the procedure o f O y s t e r and 
177 
Adkins. 6-Chlorophenanthridine was then prepared from 6-phenanthridanone 
171 by the method of Badger, S e i d l e r and Thomson. 
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A. Pi-eparation of Diphenic Anhydride from Djphenic A c i d 
T h i s c o n v e r s i o n was achie v e d simply by he a t i n g w i t h a c e t i c anhydride. 
COOH 
COOH 
(CH„C0) 0 
120°C/l£ h. 
B. P r e p a r a t i o n of Diphenamic A c i d from Diphenic Anhydride 
T h i s c o n v e r s i o n was achie v e d simply by he a t i n g w i t h ammonia and then 
a c i d i f y i n g . 
NH„ IIC1. 
R e f l u x 
COOH 
C. P r e p a r a t i o n of 6-Phenanthridanone from Diphenamic A c i d 
T h i s c y c l i s a t i o n r e a c t i o n was c a r r i e d out i n a r e a c t i o n which 
presumably i n v o l v e s h y d r o l y s i s to amide and then amine, followed by n i t r e n 
formation, by treatment w i t h bromine i n a l k a l i n e s o l u t i o n . 
COOH 
B r 
OH 
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D. P r e p a r a t i o n of 6-Chlorophenanthridine from 6-Phenanthridanone 
171 
The method used was t h a t d e s c r i b e d i n the l i t e r a t u r e i n which 
phosphoryl c h l o r i d e i s used as the reagent, i n the presence o f some N,N-
d i m e t h y l a n i l i n e . A s m a l l amount of m i n e r a l a c i d was a l s o added i n an 
attempt to improve the y i e l d s . 
Y P0C1 „/H SO 3 2 / a N N - d i m e t h y l a n i l i n e Reflux/3 h. N /5 H 
0 C I 
3. C h l o r i n a t i o n R e a c t i o n s 
3.1 C h l o r i n a t i o n of 9 - C h l o r o a c r i d i n e 
S i n c e a l l the u n c h l o r i n a t e d p o s i t i o n s of 9 - c h l o r o a c r i d i n e a r e i n 
c a r b o c y c l i c r i n g s , and elemental c h l o r i n a t i o n w i t h aluminium c h l o r i d e as 
c a t a l y s t o c c u r s p a r t i c u l a r l y i n c a r b o c y c l i c p o s i t i o n s , i t might be expected 
t h a t t h i s method o f c h l o r i n a t i o n would a l l o w n o n a c h l o r o a c r i d i n e t o be 
obtained from 9 - c h l o r o a c r i d i n e i n one s t e p . 
I t was found t h a t , provided'the r e a c t i o n time was long enough and the 
temperature high enough, complete c h l o r i n a t i o n d i d indeed occur, and i t 
was p o s s i b l e t o use very v a r y i n g amounts o f c h l o r i n e . 
CI C I 
a o A1C1./C1 CI C I 120-190 C/96 h. N N 
The major d i f f i c u l t y encountered was the ease of h y d r o l y s i s of the 
product to octachloro-9~acridanone, and i n e a r l y r e a c t i o n s the h y d r o l y s e d 
m a t e r i a l formed a l l , or the m a j o r i t y , of the product. T h i s problem was 
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overcome by d i s s o l v i n g the r e s i d u e of the c h l o r i n a t i o n , which was a complex 
between n o n a c h l o r o a c r i d i n e and aluminium c h l o r i d e , i n dry chloroform and 
then adding dry methanol. T h i s caused the complex to be broken down and 
n o n a c h l o r o a c r i d i n e was p r e c i p i t a t e d , s i n c e i t i s much l e s s s o l u b l e i n 
chloroform than i t s complex with aluminium c h l o r i d e . The mixed c h l o r i d e s 
and methoxides of aluminium remained i n s o l u t i o n . 
3.2 C h l o r i n a t i o n of 6-Chlorophenanthridine 
L i k e 9 - c h l o r o a c r i d i n e , a l l the u n c h i o r i n a t e d p o s i t i o n s o f 6-chloro-
phenanthridine a r e c a r b o c y c l i c , and elemental c h l o r i n a t i o n , w i t h aluminium 
c h l o r i d e as c a t a l y s t , gave complete c o n v e r s i o n to nonachlorophenanthridine. 
provided the c o n d i t i o n s were made s u f f i c i e n t l y f o r c i n g . 
C l 
A1C1 / C l 
120-190 C/98 h. N N 
C l C l 
The same method of avoiding h y d r o l y s i s was used as f o r the a c r i d i n e r i n g 
system, but s i m p l e r methods were,not t r i e d f i r s t to see whether the h y d r o l y s i s 
o c c u r r e d a s e a s i l y as witri a c r i d i n e s . I t was n e c e s s a r y to be p a r t i c u l a r l y 
c a r e f u l to keep the mixture of chloroform s o l u t i o n and methanol c o o l , to 
prevent methanol r e a c t i n g with nonochlorophenanthridine, g i v i n g o c t a c h l o r o -
6-methoxyphenanthridine. 
3-3 C h l o r i n a t i o n o f 7,8-Benzoquinol.ine 
A. Aluminium C h l o r i d e C a t a l y s e d Elemental C h l o r i n a t i o n 
U n l i k e 9 - c h l o r o a c r i d i n e and 6-chlorophenanthridine 7,8-benzoquinoline 
has t h r e e u n c h i o r i n a t e d p o s i t i o n s i n a h e t e r o c y c l i c r i n g , so aluminium 
c h l o r i d e c a t a l y s e d c h l o r i n a t i o n would not be expected to r e p l a c e a l l the 
hydrogen atoms i n 7.8-benzoquinoline by c h l o r i n e . Under the vigor o u s 
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c o n d i t i o n s used f o r the complete c h l o r i n a t i o n of 6-chlorophenanthridine 
and 9 - c h l o r o a c r i d i n e , a mixture of mostly hexachlcro-7,8-benzoquinoline 
and pentachloro-7,8~benzoquinoline was obtained, from 7,8-benzoquinoline. 
Presumably c h l o r i n a t i o n only o c c u r s i n the c a r b o c y c l i c r i n g s . 
CO c i (T A l C l / C l N + L e s s C I 140=180 C/96 h. c h l o r i n a t e d products 
T h i s product showed no evidence of s u s c e p t i b i l i t y to h y d r o l y s i s and 
c o u l d be s e p a r a t e d from t h e complex with aluminium c h l o r i d e simply by 
adding to i c e water. 
B. F u r t h e r C h l o r i n a t i o n with Phosphorus P e n t a c h l o r i d e 
The f u r t h e r c h l o r i n a t i o n o f the mixture o b t a i n e d as i n s e c t i o n A was 
attempted by h e a t i n g with phosphorus p e n t a c h l o r i d e i n an a u t o c l a v e . There 
was c o n s i d e r a b l e d i f f i c u l t y i n f i n d i n g the most s u i t a b l e temperature f o r 
the r e a c t i o n , although i t was e v e n t u a l l y d i s c o v e r e d t h a t r e a c t i o n a t 370°CJ 
i n a s t e e l a u t o c l a v e , gave nonachloro-7,8-benzoquinoline q u i t e c l e a n l y . 
CI CI 
PCI N 
C I CI 370 C/6 h. 
T h i s product was a l s o not s u s c e p t i b l e to h y d r o l y s i s and the phosphorus 
compounds remaining at the end of the r e a c t i o n c o u l d be removed by 
h y d r o l y s i s with i c e - w a t e r . 
E a r l i e r i t had been found t h a t , with lower r e a c t i o n temperatures an 
octachloro-7,8-benzoquinoline was produced, suggesting t h a t one of the hydrogen 
atoms i n the r i n g system i s p a r t i c u l a r l y d i f f i c u l t to r e p l a c e , but i t i s not 
- 72 
a t a l l obvious which one t h i s i s . 
With h i g h e r temperatures, or i f a n i c k e l - l i n e d a u t o c l a v e was used, 
some c h l o r i n e was added to the r i n g system c a u s i n g p a r t i a l s a t u r a t i o n . 
The use of a s t e e l a u t o c l a v e , r a t h e r than a n i c k e l - l i n e d one, presumably 
overcomes t h i s problem because i r o n i s a reagent f o r a c h i e v i n g de-
c h l o r i n a t i v e a r o m a t i s a t i o n . 
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CHAPTER I I I 
P r o p e r t i e s of Some P e r c h l o r o h e t e r o c y c l i c Compounds Cont a i n i n g Nitrogen 
1. F l u o r i n a t i o n Reactions 
The s y n t h e s i s o f f u l l y f l u o r i n a t e d h e t e r o c y c l i c systems from the 
corresponding f u l l y c h l o r i n a t e d h e t e r o c y c l i c systems, by halogen exchange 
r e a c t i o n s u s i n g potassium f l u o r i d e i n an a u t o c l a v e , has been shown to be 
q u i t e g e n e r a l l y a p p l i c a b l e , as mentioned.in Chapter I . Thus the r e a c t i o n 
has been s u c c e s s f u l f o r p y r i d i n e , diazabenzenes } azanaphthalenes and 
diazanaphthalenes, but before t h i s woi'k was begun i t had not been a p p l i e d 
to t r i c y c l i c systems. 
1.1 F l u o r i n a t i o n of Nonachloroacridine 
The f l u o r i n a t i o n of n o n a c h l o r o a c r i d i n e was attemptc r. i n a n i c k e l - l i n e d 
a u t o c l a v e , i n the s o l i d phase, u s i n g dry potassium f l u o r i d e as the reagent. 
I t was hoped t h a t a simple halogen exchange r e a c t i o n would oc c u r so t h a t 
n o n a f l u o r o a c r i d i n e c o u l d be i s o l a t e d . I n f a c t , v i r t u a l l y no s u c c e s s was 
had w i t h t h i s r e a c t i o n , even though a wide range of c o n d i t i o n s and methods 
of working up the r e s i d u e were used. 
Unlike f l u o r i n a t i o n s of o t h e r p e r c h l o r i n a t e d h e t e r o a r o n i a t i c n i t r o g e n 
1 
compounds, such as p e n t a c h l o r o p y r i d i n e , no f l u o r i n a t e d s u b s t r a t e could be 
t r a n s f e r r e d out of the hot a u t o c l a v e under vacuum, but only low m o l e c u l a r 
weight g a s e s } and i t was n e c e s s a r y to empty the a u t o c l a v e and t r y to e x t r a c t 
a product from the r e s i d u e by some othe r means. 
Vacuum s u b l i m a t i o n of t h i s r e s i d u e , or e x t r a c t i o n by a s o l v e n t , allowed 
very s m a l l amounts of a mixture shown by i t s mass spectrum to be c h l o r o -
f luoro-9-acridanones, p a r t i c u l a r l y t e t r a c h l c r o t . e t r a f l u o r o - 9 - a c r i d a n o n e , to 
be obtained. . I f the i n o r g a n i c p a r t of the r e s i d u e was d i s s o l v e d i n water, 
a b l a c k s o l i d remained which was l a r g e l y polymeric. 
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There seem, t h e r e f o r e , to be a t l e a s t two problems i n v o l v e d i n the 
f l u o r i n a t i o n of n o n a c h l o r o a c r i d i n e . F i r s t , even under the m i l d e s t 
c o n d i t i o n s used, the r i n g system seems to be u n s t a b l e and only very small 
r e c o v e r i e s of t r a c t a b l e m a t e r i a l were obtained. Secondly, w i t h a l l the 
work-up procedures used, any t r a c t a b l e m a t e r i a l remaining i s converted to 
the 9-acridanone, i n d i c a t i n g t h a t a 9 - f l u o r i n e atom i s p a r t i c u l a r l y 
s u s c e p t i b l e to h y d r o l y s i s . 
S i n c e nonachlorophenanthridine i s l e s s s u s c e p t i b l e to h y d r o l y s i s than 
n o n a c h l o r o a c r i d i n e ( s e e s e c t i o n 2.2. below), the second of t h e s e problems 
might be absent i n the f l u o r i n a t i o n of nonachlorophenathridine, so the 
f l u o r i n a t i o n of nonachlorophenanthridine was i n v e s t i g a t e d more e x t e n s i v e l y . 
1.2 Nonachlorophenanthridine 
A. I n a .Solvent 
The f l u o r i n a t i o n of nonachlorophenanthridine by caesium f l u o r i d e i n 
sulpholane was attempted, u s i n g q u i t e v a r y i n g reagent q u a n t i t i e s and 
temperatures. I n a l l c a s e s , water was used t o s e p a r a t e the s u b s t r a t e from 
s u l p h o l a n s and caesium s a l t s , and only h y d r o l y s e d 6-phenanthridanones were 
i s o l a t e d . The degree of f l u o r i n a t i o n was v a r i a b l e , but never n e a r l y 
complete, even under the most vigorous c o n d i t i o n s p o s s i b l e i n t h i s s o r t of 
s o l v e n t system. However, r e c o v e r i e s of m a t e r i a l were q u i t e good, i n d i c a t i n g 
t h a t not much breakdown of the r i n g was o c c u r r i n g . 
B. I n the S o l i d Phase 
The f l u o r i n a t i o n of nonachlorophenanthridine, w i t h potassium f l u o r i d e 
i n an a u t o c l a v e , was attempted under a range of r e a c t i o n c o n d i t i o n s , i n c l u d i n g 
q u i t e low temperatures and s h o r t r e a c t i o n times. I n no case was i t 
p o s s i b l e to t r a n s f e r any s u b s t r a t e , under vacuum, out of the hot autoclcive, 
and only low-molecular weight g a s s e s were obtained i n t h i s way, so i t was 
n e c e s s a r y t o open the a u t o c l a v e and t r y to i s o l a t e m a t e r i a l from the r e s i d u e 
i n some o t h e r way. 
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I n f a c t s i t was not p o s s i b l e to o b t a i n any t r a c t a b l e m a t e r i a l from any 
r e a c t i o n , i n d i c a t i n g t h a t e x t e n s i v e decomposition of the p h e n a n t h r i d i n e r i n g 
system o c c u r r e d . 
I t seems t h a t the a c r i d i n e and phenanthridine r i n g systems have some 
f e a t u r e which makes them break down when s o l i d phase f l u o r i n a t i c n s of t h e i r 
p e r c h l o r i n a t e d d e r i v a t i v e s cire attempted. I t may be t h a t t h i s f e a t u r e i s 
the presence of a h e t e r o c y c l i c , n i t r o g e n c o n t a i n i n g , r i n g to which two 
benzene r i n g s are fused, f o r t h e s e a r e the f i r s t examples of p e r c h l o r i n a t e d 
systems w i t h t h i s f e a t u r e . Nonachloro-7,8-benzoquinoline, however, has 
only one c a r b o c y c l i c r i n g fused to the h e t e r o c y c l i c r i n g so, i f i t i s the 
presence of two fused r i n g s on the h e t e r o c y c l i c r i n g which causes 
decomposition, i t should be p o s s i b l e to f l u o r i n a t e nonachloro-7,8-
benzoquinoline q u i t e smoothly. 
1.3 Nonachloro-7,8-benzoguinoline 
The f l u o r i n a t i o n of nonachloro-7,8-benzoquinoline with potassium f l u o r i d e 
i n an a u t o c l a v e was attempted u s i n g both the c o n d i t i o n s which are s u c c e s s f u l 
w i t h h e p t a c h l o r o q u i n o l i n e , and the much mi l d e r c o n d i t i o n s which f a i l e d with 
n o n a c h l o r o a c r i d i n e and nonachlorophenanthridine. 
With t h i s r i n g system, too, i t was not p o s s i b l e to o b t a i n any t r a c t a b l e 
compound, a p a r t from a h i g h l y degraded mixture, under e i t h e r of the r e a c t i o n 
c o n d i t i o n s used. T h i s was d e s p i t e the f a c t t h a t s e v e r a l ways of i s o l a t i n g 
workable m a t e r i a l from the r e a c t i o n r e s i d u e were attempted. 
1.4 General C o n c l u s i o n 
I t i s c l e a r t h a t the attempted f l u o r i n a t i o n i n an a u t o c l a v e , of a l l 
these t h r e e c h l o r i n a t e d systems i s not a t a l l s u c c e s s f u l , because t h e r e i s 
some way i n which t h e s e systems can decompose, which i s not p o s s i b l e w i t h 
p e n t a c h l o r o p y r i d i n e h e p t a c h l o r o q u i n o l i n e , h e p t a c h l o r o i s o q u i n o l i n e or 
h e x a e h l o r o p h t h a i a z i n e . These t h r e e systems which decompose a i l have t h r e e 
fused r i n g s , with a hete.ro atom, and i t i s q u i t e p o s s i b l e t h a t i t i s t h i s 
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presence o f three fused r i n g s which i s necessary f o r decomposition t o occur. 
There are a t l e a s t two ways i n which decomposition might occur more r e a d i l y 
f o r a t h r e e - r i n g system than f o r a t w o - r i n g system. 
F i r s t , a t t a c k by f l u o r i d e i o n may occur a t a bridgehead p o s i t i o n at 
any stage o f the f l u o r i n a t i o n . With h e p t a c h l o r o q u i n o l i n e , such an a t t a c k 
produces an anion which can do l i t t l e but r e c y c l i s e so t h a t a t t a c k at a 
bridgehead p o s i t i o n i s r e v e r s i b l e f o r a two-ring system; 
CI 
CI 
CI 
F N N 
With nonachloroacridine. such an a t t a c k produces an anion which can undergo 
f u r t h e r rearrangements i n the t h i r d r i n g , so t h a t attacK at a bridgehead 
p o s i t i o n i s i r r e v e r s i b l e f o r a t h r e e - r i n g system. 
CI CI 
CI CI CI CI 
N 
CI CI 
CI 
CI I'll 
CI 
Since t h i s process could occur at any stage i n the f l u o r i n a t i o n , a t t a c k at 
bridgehead p o s i t i o n s can e x p l a i n why the f l u o r i n a t i o n o f c h l o r i n a t e d systems 
w i t h three fused r i n g s f a i l s under c o n d i t i o n s which are s u i t a b l e f o r systems 
w i t h two fused r i n g s . 
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Secondly 5 systems w i t h three fused r i n g s are b e t t e r e l e c t r o n acceptors 
than systems w i t h two fused r i n g s , and t h e r e are weak e l e c t r o n donors, such 
as c h l o r i d e or f l u o r i d e ions present, so t h a t r a d i c a l anions may be produced,, 
For h e p t a c h l o r o q u i n o l i n e and nonachloroacridine t h e r e a c t i o n s would be: 
CI 
CI 
CI-
CI-
Once formed, the r a d i c a l ions could decompose by a v a r i e t y of means, 
producing a mixture o f degraded m a t e r i a l . Because the t h r e e - r i n g systems 
are b e t t e r e l e c t r o n acceptors than t h e t w o - r i n g systems t h i s e l e c t r o n 
t r a n s f e r process can also e x p l a i n why the f l u o r i n a t i o n o f c h l o r i n a t e d systems 
w i t h t h ree fused r i n g s f a i l s . 
2, Hydrolysis Reactions and B a s i c i t y 
2.1 Nonachloroacridine 
A. Hydrolysis 
As mentioned i n Chapter I I , n onachloroacridine i s r e a d i l y hydrolysed 
t o octachloro-9-acridanone and, by using h y d r o c h l o r i c a c i d , i t was p o s s i b l e 
t o i s o l a t e a pure sample o f octachloro-9-acridanone. 
HCl/lI 0 
100°C/l8 h. 
CI 
H 
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The molecular weight, and a n a l y t i c a l data show t h a t the product i s a 
monohydroxyoctachloroacridine, but do not demonstrate a t which p o s i t i o n 
h y d r o l y s i s has occurred. That i t has occurred i n the 9 - p o s i t i o n i s 
i n d i c a t e d by the carbonyl and N-H peaks i n the i n f r a - r e d spectrum, by the 
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s i m i l a r i t y o f the u l t r a - v i o l e t spectrum t o t h a t o f 9-acridanone, and by 
a comparison o f the m e l t i n g p o i n t w i t h the values quoted f o r samples o f 
octachloro-9-acridanone which had been obtained e a r l i e r , by unambiguous 48.168 syntheses. ' 
As mentioned i r t Chapter I p e r c h l o r i n a t e d heteroaromatic compounds 
co n t a i n i n g n i t r o g e n would be expected t o be more basic, as the number o f 
c h l o r i n e atoms ortho t o the r i n g n i t r o g e n atom decreases. As t h e r e are 
no c h l o r i n e atoms ortho t o the n i t r o g e n atom i n nonachloroacridine, i t 
would be expected t o be q u i t e basic and t h i s accounts f o r the very easy 
h y d r o l y s i s , i f h y d r o l y s i s i s an a c i d induced process. 
• B. Reaction w i t h Hydrogen C h l o r i d e Gas 
I t may be t h a t nonachloroacridine i s s u f f i c i e n t l y basic t o form a 
s a l t w i t h hydrogen c h l o r i d e , and t h i s p o s s i b i l i t y was i n v e s t i g a t e d by 
bubbling dry hydrogen c h l o r i d e gas through a s o l u t i o n o f nonachloroacridine. 
Uptake o f gas occurred and a cloudiness developed i n s o l u t i o n , which i s 
c o n s i s t e n t w i t h the f o r m a t i o n o f nonachloroacridinium c h l o r i d e . 
CI 
HC1 f c i c i 
i i c i 
However, i t was not p o s s i b l e t o i s o l a t e anything other than nonachloro-
a c r i d i n e from the s o l u t i o n . I t i s p o s s i b l e t h a t more p o w e r f u l l y a c i d i c 
reagents miyht n l l o v s a l t s t o be i s o l a t e d , as a mixture o f hydrogen f l u o r i d e 
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and antimony p e n t a f l u o r i d e allows a hexafluoroantimonate s a l t o f p e n t a f l u o r o -
12k 
p y r i d i n e t o be i s o l a t e d , and methyl fluorosulphonate allows a s a l t o f 
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pe n t a c h l o r o p y r i d i n e t o be i s o l a t e d . 
HF/SbF 
F 
N 
I I SbF 
MeSO F 
Ci CI 
N r 
Me S0 oF 
2.2 Hydr o l y s i s o f Nora-ohlorophenanthridine 
I n nonachloroplienanthridine, there i s one c h l o r i n e atom o r t h o t o the 
r i n g n i t r o g e n , so i t would be expected t o be less basic than nonachlo.ro-
a c r i d i n e , and consequently l e s s s u s c e p t i b l e t o acid induced h y d r o l y s i s . 
Indeed, i t was completely u n a f f e c t e d by the c o n d i t i o n s which completely 
converted nonachloroacridine t o octachloro-9-acridanone, and t h i s tends t o 
confirm t h a t h y d r o l y s i s i s an a c i d induced process. 
Using more vigorous c o n d i t i o n s , however, i t was p o s s i b l e t o hydrolyse 
nonachlorophenanthridine t o octachloro-6-phenanthridanone. 
Cl c i 
H 2 S ° 4 / H 2 ° eg 100 C/100 h. Cl Cl N N H 
Cl 0 
As w i t h the a c r i d i n e r i n g system, the molecular weight and a n a l y t i c a l data 
show t h a t the product, i s a monohydroxyoetachlorophenanthridine, but do not 
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demonstrate a t which p o s i t i o n h y d r o l y s i s has occurred. However, i t i s 
only i f h y d r o l y s i s i s at the 6- p o s i t i o n t h a t the compound would be 
expected t o e x i s t as the keto tautomer. The presence of carbonyl and N-H 
peaks i n the i n f r a - r e d spectrum o f the product, taken together w i t h the 
s i m i l a r i t y of i t s u l t r a - v i o l e t spectrum t o t h a t o f 6~phenanthridanone imply 
t h a t the product i s indeed octachloro-6-phenanthridanone. 
3. N u c l e o p h i l i c S u b s t i t u t i o n Reactions 
3.1 Nonachloroacridine 
Of the var i o u s monochloroacridines i 9 - c h l o r o a c r i d i n e i s by f a r the most 
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sus c e p t i b l e t o n u c l e o p h i l i c a t t a c k . which suggests t h a t the 9 - p o s i t i o n 
i s t h a t p o s i t i o n which i s most a c t i v a t e d t o n u c l e o p h i l i c a t t a c k by the 
r i n g system. I t has a1, so been shown t h a t 1,2,3,4-tetraf j.uoro~9-methyl-
a c r i d i n e r e a c t s w i t h nucleophiles, such as methoxide i o n , t o give s u b s t i t u t i o n 
• 4-u o -4.- 181 i n the 3 - p o s i t i o n . 
CH CH 
MeO F 
N OCH N 
These two f a c t s taken together suggest t h a t nonachloroacridine w i l l undergo 
n u c l e o p h i l i c a t t a c k i n the 9-po.«ition q u i t e r e a d i l y , and t h a t then a t t a c k 
might occur i n the 3- and 6-po s i t i o n s . 
A. Methoxide Ion 
( i ) One Equivalent Methoxide Ion. Because o f t h e low s o l u b i l i t y o f 
nonachloroacridine, t h i s r e a c t i o n was c a r r i e d out on a suspension i n methanol, 
but q u i t e m i l d c o n d i t i o n s were s u f f i c i e n t t o produce octaohloro-9-methoxy-
a c r i d i n e . 
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Cl OMe 
Cl Cl MeO"/MeOH Reflux/24 h. 
The o r i e n t a t i o n o f the s u b s t i t u e n t i n the product was demonstrated by 
hyd r o l y s i n g the tnethoxy d e r i v a t i v e t o octachluro-9--acridanone, obtained 
e a r l i e r . 
OMe 0 
MCl/H 0 2 
!00°C/l8 h. 
( i i ) Two Equivalents Methoxide Io n . Under moderately f o r c i n g 
c o n d i t i o n s (prolonged r e f l u x a t atmospheric pressure) a second methoxide 
i o n would not r e a c t and o n l y octachloro-9-methoxyacridine could be i s o l a t e d . 
I f nonachloroacridine was reacted w i t h methoxide i o n under pressure 
and a t high temperatures, octachloro-9-acridanone was obtained, presumably 
by i n i t i a l conversion t o the monomethoxy d e r i v a t i v e f o l l owed by a t t a c k o f 
another methoxy group on. the s u b s t i t u e n t . 
Cl OMe + MeO" 
MeO" MeOMe 
,MeOH 
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Such a mechanism would release dimethyl ether gas during the r e a c t i o n , and 
i t was indeed observed t h a t a pressure b u i l d up occurred, 
B. Diethylamine 
Nonachloroacridine reacted w i t h excess diethylamine t o give o c t a c h l o r o -
9-ethyliminoacridan. 
Cl NEt 
1 
Et NH 
Cl Cl Cl Cl Reflux/24 h. 
N N 
H 
This assignment o f the o r i e n t a t i o n o f the s u b s t i t u e n t i n the product i s 
based on a comparison w i t h the methoxide i o n r e a c t i o n , and on the f a c t t h a t 
the i n f r a - r e d spectrum shows t h a t the imino tautomer i s present, by the C=N 
absorbtion. Presumably the mechanism i n v o l v e s simple s u b s t i t u t i o n 
f o l l o w e d by a Hoffmann type e l i m i n a t i o n . 
Et 
Cl H -N-Et Cl 
[ Cl Cl 
Et NH 
Cl Cl Cl Cl 
N N 
Et 
Et 
Cl H-N _CH -CH -H H-N 
I c i 1 c i C H 2 i Cl Cl + Et NH Cl Cl 
N N 
/ 
NEt 
Cl Cl 
N 
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C. Reaction w i t h t-Butylamine 
Since t-butylamine i s such a s t e r i c a l l y hindered molecule i t may be 
d i f f i c u l t f o r i t t o react, w i t h nonachloroacridine i n a simple n u c l e o p h i l i c 
s u b s t i t u t i o n process. I n p r a c t i c e i t was found, by the mass spectrum, t h a t 
the m a t e r i a l recovered from r e a c t i o n o f nonachloroacridine w i t h excess 
t-butylamine contained a l o t o f s t a r t i n g m a t e r i a l , some s u b s t i t u t i o n product, 
and some o c t a c h l o r o a c r i d i n e s . The l a t t e r probably a r i s e by a r e d u c t i v e 
d e c h l o r i n a t i o n process, which has not been observed before i n a thermal 
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r e a c t i o n , although r e d u c t i v e d e i o d i n a t i o n s have been reported. The 
mechanism could i n v o l v e donation of an e l e c t r o n t o the r i n g system, f o l l o w e d 
by loss o f c h l o r i d e i o n . 
Cl Cl Cl 
Cl H v. 
c i Cl N-tBu CI 
Cl N H N 
Cl 
Cl 
Cl Cl 
tBuNH 
Cl Cl Cl H Cl 
N N 
As shown here, t h i n l a y e r chromatography o f the product demonstrated t h a t 
the r e d u c t i v e d e c h l o r i n a t i o n occurred a t several places i n the molecule. 
D. Thiophenoxide I on 
Thiophenoxide i o n i s l a r g e r than methoxide i o n , and i t i s also a b e t t e r 
e l e c t r o n donor ( so i t would be more l i k e l y t o cause r e d u c t i v e d e c h l o r i n a t i o n 
than inethoxide i o n . I n p r a c t i c e , nonachloroacridine gave no s u b s t i t u t i o n 
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w i t h thiophencxj.de i o n , but only r e d u c t i v e d e c h l o r i n a t i o n , leading t o a 
product mixture c o n t a i n i n g s t a r t i n g m a t e r i a l and o c t a c h l o r o a c r i d i n e s . 
Cl 
PhS/MeOH Cl Cl Cl„H Reflux/l-i- h. 8 
N N 
E. Hexafluoropropene i n the Presence o f F l u o r i d e I o n 
When caesium f l u o r i d e i s s t i r r e d i n a s u i t a b l e s o l v e n t , such as 
sulpholane, under an atmosphere o f hexafluoropropene gas, h e p t a f l u o r o i s o -
p r o p y l anions are produced, which have been shown t o e f f e c t s u b s t i t u t i o n 
182 l83 
r e a c t i o n s i n h i g h l y f l u o r i n a t e d heteroaromatic compounds. > I t was 
thought p o s s i b l e t h a t nonachloroacridine might be s u f f i c i e n t l y r e a c t i v e 
f o r i t t o undergo s u b s t i t u t i o n by h e p t a f l u o r o i s o p r o p y l anions 
Cl C F 
C FVCsF -36 Cl Cl Cl Cl 
N N 
I n p r a c t i c e , i t was necessary t o use water to remove caesium s a l t s and 
sulpholane a f t e r the r e a c t i o n was f i n i s h e d , and o n l y octachloro-9-acridanone 
was i s o l a t e d . This does not n e c e s s a r i l y imply t h a t h e p t a f l u o r o i s o p r o p y l 
anion w i l l not displace c h l o r i d e from nonachloroacridine, since o c t a c h l o r o -
9 - h e p t a f l u o r o i s o p r o p y l a c r i d i n e could p o s s i b l y be hydro.lysed as e a s i l y as 
nonachloroacridine. 
3•2 Nonachlorophenanthri dine 
The c h l o r i n e atom o f 6-chlorophenanthridine i s found to undergo 
184 
n u c l e o p h x l i c disxalacement r e a d i l y , but not as r e a d i l y as 9 - c h l o r o a c r i d i n e , 
i n d i c a t i n g t h a t the 6 - p o s i t i o n i s most a c t i v a t e d t o n u c l e o p h i l i c a t t a c k by 
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the r i n g system, and suggesting t h a t n u c l e c p h i l i c s u b s t i t u t i o n of siona-
chlorophenanthridine may occur i n the G-position. 
A. Methoxide Ion 
Because o f the low s o l u b i l i t y o f nonachlorophenanthridine, r e a c t i o n 
w i t h methoxide i o n was c a r r i e d out i n suspension i n methanol, but r e a c t i o n 
occurred q u i t e r e a d i l y , though less r e a d i l y than i n the case.of nonachloro-
a c r i d i n e . With one e q u i v a l e n t o f methoxide i o n , octachloro-6-methoxy-
phenanthridine was produced. 
MeO~/MeOH 
Reflux/65 h. 
The o r i e n t a t i o n o f t h e s u b s t i t u e n t i n the product was demonstrated by i t s 
h y d r o l y s i s t o octachloro-6-phenanthridanone, obtained e a r l i e r . 
H SO./H 0 2 4 2 . 
100°C/110 h. Cl 
Cl 
OMe 
B. Diethylamine 
Nonachlorophenanthridine reacted w i t h excess diethylamine t o g i v e 
octachloro-6-diethylaminophenanthridine. 
Et NH 2 
Reflux/65 h.' 
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I n t h i s case, the assignment o f o r i e n t a t i o n r e s t s simply on a comparison 
w i t h the analogous methoxide i o n s u b s t i t u t i o n . 
I t i s i n t e r e s t i n g t h a t , u n l i k e the corresponding a c r i d i n e d e r i v a t i v e , 
t h i s phenanthridine d e r i v a t i v e does not r e a c t f u r t h e r t o give an imino 
phenanthri dan, 
C. t-Butylajnine 
L i k e nonachloroacridine, nonachlorophenanthridine i s not very r e a c t i v e 
towards t-butylamine and simple s u b s t i t u t i o n i s not the only r e a c t i o n 
process. The m a t e r i a l i s o l a t e d was a mixture o f s u b s t i t u t e d phenanthridines, 
s t a r t i n g m a t e r i a l , octachloro-6-phenaiithridanone, and p a r t i a l l y d e c h l o r i n a t e d 
phenanthridines, i n d i c a t i n g t h a t , w i t h t h i s b u l k y amine, r e d u c t i v e 
d e c h l o r i n a t i o n i s an important process. 
D. Thiophenoxide I o n 
L i k e nonachloroacridine, nonachlorophenanthridine does not r e a c t w i t h 
thiophenoxide i o n by a n u c l e o p h i l i c s u b s t i t u t i o n process, but r a t h e r by 
r e d u c t i v e d e c h l o r i n a t i o n , because o f the s i z e and e l e c t r o n donor a b i l i t y o f 
the thiophenoxide anion. Reaction of nonachlorophenanthridine w i t h one 
equivalent thiophenoxide i o n i n methanol, gave a mixture of s t a r t i n g m a t e r i a l 
and octachlorophenanthridines. 
Cl 
T PhS Cl„H R e f l u x / l h. 8 Cl 
N N 
Cl 
3.3 The Competition between N u c l e o p h i l i c S u b s t i t u t i o n and Reductive 
Dechl or ijriat i o n 
The above examples are the f i r s t cases where r e d u c t i v e d e c h l o r i n a t i o n 
competes s u c c e s s f u l l y w i t h n u c l e o p h i l i c s u b s t i t u t i o n i n a thermal process, 
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b e l i e v e d t o i n v o l v e the c h l o r i n a t e d r a d i c a l anion. Evidence f o r t h i s 
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mechanism comes i n a recent review, where the existence o f aromatic 
r a d i c a l anions has been described, as w e l l as e l e c t r o n t r a n s f e r s t o 
c h l o r i n a t e d compounds, f o l l o w e d by loss o f c h l o r i d e ions. When a 
n u c l e o p h i l e r e a c t s w i t h an aromatic c h l o r i n e compound to give s u b s t i t u t i o n 
or r e d u c t i o n , the r e a c t i o n paths must d i v i d e a t some p o i n t . <Ar"-Cl — > Ar' — > Ar-H /'? u- Cl ArC' > Ar-Nuc 
Nuc 
(O-complex) 
I t i s not c l e a r whether the r a d i c a l anion i n t e r m e d i a t e f o r r e d u c t i o n i s 
the f i r s t step i n the f o r m a t i o n of the O-complex, which i s the i n t e r m e d i a t e 
f o r s u b s t i t u t i o n , or whether these two i n t e r m e d i a t e s are i n t e r c o n v e r t i b l e . 
C l e a r l y , the r e l a t i v e s t a b i l i t i e s o f the two i n t e r m e d i a t e s w i l l 
determine which o f the two processes i s favoured i n any p a r t i c u l a r case. 
I f s u b s t i t u t i o n does not proceed v i a the r a d i c a l anion, then r e d u c t i o n w i l l 
be favoured as the donor a b i l i t y o f the n u c l e o p h i l e i s increased. 
« 
Now, w i t h nonachloroacridine and nonachlorophenanthridine, methoxide 
i o n gives s u b s t i t u t i o n whereas thiophenoxide i o n gives r e d u c t i o n , and 
diethylamine gives s u b s t i t u t i o n whereas t-butylamine gives s u b s t i t u t i o n and 
r e d u c t i o n . I n the case o f octachloronaphthalene (see Chapter I V ) , methoxide 
i o n gives no r e a c t i o n , diethylamine and t-butylamine give only r e d u c t i o n , 
and ammonia gives r e d u c t i o n and some s u b s t i t u t i o n . 
Thiophenoxj.de i o n i s probably a b e t t e r one-electron donor than methoxide 
i o n , but i t i s also more n u c l e o p h i l i c and l a r g e r , so i t i s not p o s s i b l e t o 
p r e d i c t how the r e l a t i v e amounts of r e d u c t i o n and s u b s t i t u t i o n w i l l change 
when the n u c l e o p h i l e i s changed, from methoxide t o thiophenoxide, whether 
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s u b s t i t u t i o n proceeds v i a the r a d i c a l anion or not. For nonachloroacridine 
and nonachlorophenanthridine r e d u c t i o n i s much, more favoured w i t h 
thiophenoxide than w i t h methoxide, but t h i s does not r e a l l y give any 
i n f o r m a t i o n on whether or not the r a d i c a l anion l i e s on both r e a c t i o n paths. 
S t e r i c crowding w i l l d e s t a b i l i s e ©"-complexes, fav o u r i n g r e d u c t i o n , and 
t h i s may be i l l u s t r a t e d by the way l a r g e r amines give reduction, w i t h 
nonachloroacridine and nonachlorophenanthridine, r a t h e r than s u b s t i t u t i o n . 
However, the b e t t e r one-electron donor a b i l i t y o f the l a r g e r amines may also 
be an important f a c t o r here. 
Octachloronaphthalene i s probably a worse e l e c t r o n acceptor than 
nonachloroacridine or nonachlorophenanthridine, so r a d i c a l anions derived 
from i t would be l e s s s t a b l e . However, w i t h diethylamine, octachloro--
naphthalene gives r e d u c t i o n , whereas nonachloroacridine «:nd nonachloro-
phenanthridine give s u b s t i t u t i o n . This must be because the o_ccmplex 
f o r octachloronaphthalene i s considerably less s t a b l e than the corresponding 
O-complexes f o r nonachloroacridine and nonachlorophenanthridine. 
O v e r a l l , the a v a i l a b l e evidence does not c l e a r l y i n d i c a t e whether the 
r a d i c a l anion i s on the r e a c t i o n path t o s u b s t i t u t i o n or not, but the f a c t 
t h a t i n many s u b s t i t u t i o n r e a c t i d n s there i s no evidence f o r any r e d u c t i o n 
i m p l i e s t h a t the r e a c t i o n pathways are completely d i f f e r e n t . 
4. Reactions w i t h Organometallie Reagents 
Generally, the r e a c t i o n s o f these p e r c h l o r i n a t e d h e t e r o c y c l i c systems 
w i t h organometallie reagents have been r a t h e r i r r e p r o d u c i b l e and i t i s 
d i f f i c u l t t o make any r a t i o n a l i s a t i o n s about, the r e a c t i o n s which occur. An 
obvious p o s s i b l e cause o f the irreproduc.ib.il i t y i s the organometallic reagent 
used, which was normally n - b u t y l l i t h i u m i n n-hexane. While i t i s not 
p o s s i b l e t o know what i m p u r i t i e s might have been present i n t h e reagent, 
i t s c o n c e n t r a t i o n was measured by a t i t r a t i o n procedure, I n t h i s procedure 
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a. p o r t i o n o f the s o l u t i o n of the reagent was added t o water and then the 
mixture was t i t r a t e d against standard s u l p h u r i c a c i d , using phenolphthalein 
as i n d i c a t o r . This t i t r a t i o n gives the t o t a l l i t h i u m content o f the 
s o l u t i o n . Another p o r t i o n o f the s o l u t i o n was added t o f r e s h l y d i s t i l l e d 
benzyl c h l o r i d e , water was then added and a t i t r a t i o n was c a r r i e d out as 
before. This t i t r a t i o n gives the non-organometallic l i t h i u m content o f 
the s o l u t i o n , because benzyl c h l o r i d e reacts w i t h the n-b u t y l l i t h i u m . 
n-BuLi + PhCH Cl S> n-BuCl + PhCH L i 
2 2 
PhCH L i + PhCH Cl > LiC], + (PhCH ) 
2 2 2 2 
n-BuLi + PhCH Cl — > L i C l + Ph(CH ),CH 2 2 4 3 
The d i f f e r e n c e between the two t i t r a t i o n r e s u l t s hence gives the 
con c e n t r a t i o n o f the orgauometallic reagent, n-butyl l i t h i u m i n the s o l u t i o n . 
4.1 Nonachloroacridine 
A. Reaction w i t h n-Butyl L i t h i u m 
Nonachloroacridine has been reacted several d i f f e r e n t times, w i t h 
several d i f f e r e n t samples o f n-b u t y l l i t h i u m and var i o u s d i f f e r e n t 
observations have been made. 
I n many r e a c t i o n s , nonachloroacridine was recovered unchanged, even 
when the r e a c t i o n was c a r r i e d out a t q u i t e high temperatures and the 
a c t i v i t y o f the n-butyl l i t h i u m had been demonstrated by s t a n d a r d i s a t i o n . 
The most l i k e l y cause o f t h i s i s t h a t the n - b u t y l l i t h i u m , i n t h i s sample, i s 
i n some degree o f c o - o r d i n a t i o n which prevents i t from being r e a d i l y r e a c t i v e 
w i t h a molecule such as nonachloroacridine, which i s q u i t e s t e r i c a l l y 
crowded. 
I n another r e a c t i o n , where the r e a c t i o n mixture was hydrolysed a t low 
temperature, 1,2,3,4,5,6,7.,8-octachloioacridine was produced, which i s the 
product expected by a m e t a l l a t i o n r e a c t i o n analogous t o t h a t observed w i t h 
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-. ui -A- 131,132 pentachloropyri.dme. » 
Cl 
n-BuLi/ether 
-78°c 
HCl/lI 0 
P -
I t i s i n t e r e s t i n g t h a t , although t h i s r e a c t i o n was obtained w i t h a d i f f e r e n t 
sample o f n - b u t y l l i t h i u m t o t h a t which gave no r e a c t i o n , the c o n c e n t r a t i o n 
o f the two samples was very s i m i l a r . The o r i e n t a t i o n o f the hydrogen atom 
i n the product was demonstrated by t h e f a i l u r e o f t h i s compound t o be 
hydrolysed by t h e same c o n d i t i o n s as those which convert nonachloroacridine 
t o octacihloro-9-acridanone. 
I n a t h i r d type of r e a c t i o n , where the r e a c t i o n mixture was hydrolysed 
a t low temperature, 9-n-butyl-l,2,3.4,5,6,7,8-octachloroacridan was 
produced i n very low recovery. 
Bu 
i ) n-BuLi/-78 C 
I t seems as i f , i n t h i s case, not only has m e t a l l a t i o n occurred, but also 
a l k y l a t i o n , which i s the normal r e a c t i o n f o r p i r f l u o r i n a t e d compounds. 
The n - b u t y l l i t h i u m used f o r t h i s r e a c t i o n was much less concentrated than 
t h a t used i n the previous two cases., 
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There does not seem t o be any simple r a t i o n a l e f o r t h i s d i v e r s i t y i n 
r e a c t i o n types, but i m p u r i t i e s i n the n - b u t y l l i t h i u m and v a r y i n g degrees 
of i t s complexation are presumably important f a c t o r s . 
B. Reaction w i t h Phenyl Magnesium Bromide 
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L i k e p e n t a c h l o r o p y r i d i n e , nonachloroacridine does not seem t o be 
s u f f i c i e n t l y a c t i v e t o combine w i t h Grignard reagents, and only s t a r t i n g 
m a t e r i a l was recovered when nonach.loroacridine was t r e a t e d w i t h phenyl 
magnesium bromide, even when the mixture was r e f l u x e d i n d i e t h y l ether. 
4.2 Reaction of Nonachlorophenanthridine w i t h n-Butyl L i t h i u m 
Many r e a c t i o n s between nonachlorophenanthridine and n - b u t y l l i t h i u m , 
w i t h t h e temperatures ranging from -78°C t o r e f l u x i n g e t h e r, were attempted, 
but i n a l l cases only s t a r t i n g m a t e r i a l was i s o l a t e d when the mixture 
was hydrolysed. An these r e a c t i o n s were done w i t h the same sample o f n-butyl 
l i t h i u m as gave no r e a c t i o n w i t h nonachloroacridine, which nevertheless had 
q u i t e a high organometallic r e a c t i v i t y when t i t r a t e d as described above. 
This tends t o confirm t h a t t h i s sample o f n - b u t y l l i t h i u m has the molecules 
complexed i n some way which reduces t h e i r r e a c t i v i t y . 
5. O x i d a t i o n and Reduction Reactions 
5.1 Nonachloroacridine 
A. Ox i d a t i o n 
The o x i d a t i o n of nonachloroacridine t o i t s N-oxide, using a c e t i c a c i d , 
s u l p h u r i c a c i d and hydrogen peroxide, as described by Chivers and 
Suschitzky, ' was attempted. I n p r a c t i c e , however, octachloro-9-
acridanone was obtained i n s t e a d , which i s not r e a l l y s u r p r i s i n g under these 
s t r o n g l y a c i d c o n d i t i o n s . 
Cl 0 
f ^ ^ V ^ ^ A ^ ^ CI-I COOH/H SO. /H 0 r i ^ ^ ' - T 
3 L L . L ^ > . C 1 J C 1 . Cl Cl 
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Because most r e a g e n t s f o r p r e p a r n i n g N.-oxides use a c i d i c c o n d i t i o n s i t w i l l 
p r o b a b l y n o t be p o s s i b l e t o o b t a i n an N-oxide o f n o n a c h ] o r o a c r i d i n e . 
B. R e d u c t i o n 
( i ) U s i n g L i t h i u m A l u m i n i u m H y d r i d e W h e n n o n a c h l o r o a c r i d i n e was 
t r e a t e d w i t h l i t h i u m a l u m i n i u m h y d r i d e i n d i e t h y l e t h e r j e x t e n s i v e 
r e d u c t i o n t o a m i x t u r e o f n o n - f u l l y c h l o r i n a t e d a c r i d i t i e s and a c r i d a n s 
o c c u r r e d . 
C l 
L i A I M 
C l C l E t h e r 
N N 
C l Hn H 10-n 
c i Hn N 9-n 
I t was n o t p o s s i b l e t o i s o l a t e any s i n g l e compound fr o m t h e m i x t u r e w h i c h • 
a l s o seemed t o c o n t a i n s p e c i e s i n w h i c h s o l v e n t e t h e r had been i n c o r p o r a t e d 
4 
i n t o t h e m o l e c u l e . 
( i i ) U sing Sodium B o r o h y d r i d e . S i n c e sodium b o r o h y d r i d e i s a m i l d e r 
r e d u c i n g a gent t h a n l i t h i u m a l u m i n i u m h y d r i d e , i t was hoped t h a t i t s 
r e a c t i o n w i t h n o n a c h l o r o a c r i d i n e m i g h t be l e s s c o m p l i c a t e d and a l l o w s i n g l e 
compounds t o be i s o l a t e d . I n p r a c t i c e } i t was f o u n d t h a t t h e r e a g e n t i s 
t o o m i l d } and o n l y s t a r t i n g m a t e r i a l was r e c o v e r e d f r o m t h e r e a c t i o n between 
sodium b o r o h y d r i d e and n o n a c h l o r o a c r i d i n e i n d i e t h y l e t h e r , 
5• 2 O x i d a t i o n o f O c t a c h l o r o - 9 - a c r i d a r t o n e 
I t has been r e p o r t e d t h a t o x i d a t i o n o f 9 ~ a c r i d a n o n e w i t h d i c h r o m a t e 
i n h o t a c e t i c a c i d p r o d u c e s 10 10'-.di.-9-acridanone. 
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CrO 
CH COOH 
The same r e a c t i o n was a t t e m p t e d w i t h o c t a c h l o r o - 9 - a c r i d a n o n e b u t , even 
u s i n g somewhat more v i g o r o u s c o n d i t i o n s t h a n t h o s e r e p o r t e d f o r t h e h y d r o 
compoundj o n l y s t a r t i n g m a t e r i a l was i s o l a t e d . 
6. P y r o l y s i s and P h o t o l y s i s R e a c t i o n s 
6.1 P h o t o l y s i s o f N o n a c h l o r o a c r i d i n e i n Methanol 
As m e n t i o n e d i n Chapter I } p h o t o l y s i s o f p e r c h l o r i n a t e d h e t e r o a r o m a t i c 
compounds f r e q u e n t l y p r o c e e d s by breakage o f a c a r b o n t o c h l o r i n e bond 
and p h o t o c h e m i c a l l y i n d u c e d r e d u c t i v e d e c h l o r i n a t i o n o c c u r s . 153 However. 
i f a p o w e r f u l n u c l e o p h i l e i s p r e s e n t i n t h e s o l u t i o n t h e n p h o t o c h e m i c a l l y 
i n d u c e d n u c l e o p h i l i c s u b s t i t u t i o n may o c c u r , and m e t a - c h l o r o p h e n o l has been 
187 
c o n v e r t e d t o m e t a -dihydroxybenzene by p h o t o l y s i s i n aqueous a l k a l i . 
OH OH 
H 0/OH" 2 
u. v. 
OH 
The i r r a d i a t i o n o f n o n a c h l o r o a c r i d i n e i n m e thanol was a t t e m p t e d t o see 
i f e i t h e r o f t h e s e twc p r o c e s s e s would o c c u r , b u t i t i s u n l i k e l y t h a t 
methanol i s s u f f i c i e n t l y r e a c t i v e t o g i v e p h o t o c h e m i c a l l y i n d u c e d n u c l e o p h i l i c 
s u b s t i t u t i o n , because i t g i v e s no r e a c t i o n w i t h 3 - f l u o r o - 4 - m e t h o x y r i i t r o -
188 
benzene. I n f a c t s no r e a c t i o n o c c u r r e d and nor.achl o r o a c r i d i n e was 
- 94 -
r e c o v e r e d unchanged. 
6. 2 O c t a c h l o r o - 9 - a c r i d a n o n e 
The mass spectrum o f o c t a c h l o r o - 9 - a c r i d a n o n e shows some e v i d e n c e f o r 
f r a g m e n t a t i o n o c c u r r i n g by l o s s o f c a r b o n monoxide, so p y r o l y s i s and 
p h o t o l y s i s r e a c t i o n s were c h i e f l y d i r e c t e d t o w a r d s t h e p o s s i b i l i t y o f 
c o n v e r t i n g o c t a c h l o r o - 9 - a c r i d a n o n e t o o c t a c h l o r o c a r b a z o l e . - -
0 
C l Cl C l C l 
N N 
+ CO 
A. P y r o l y s i s 
( i ) Under A t m o s p h e r i c P r e s s u r e . When octachloro-9-a.cridan.one was 
he a t e d t o t h e h i g h e s t t e m p e r a t u r e s w h i c h c o u l d r e a s o n a b l y be o b t a i n e d 
under a t m o s p h e r i c p r e s s u r e , i t was c o m p l e t e l y u n a f f e c t e d and was r e c o v e r e d 
unchanged. 
( i i ) I n an A u t o c l a v e . When o c t a c h l o r o - 9 - a c r i d a n o n e was h e a t e d i n an 
a u t o c l a v e t o a t e m p e r a t u r e w h i c h was n o t much h i g h e r t h a n t h a t used i n ( i ) 
abovej e x t e n s i v e d e c o m p o s i t i o n o c c u r r e d and no t r a c t a b l e m a t e r i a l was 
i s o l a t e d . 
B. P h o t o l y s i s 
( i ) I n an I n e r t S o l v e n t . P h o t o l y s i s o f o c t a c h l o r o - 9 - a c r i d a n o n e , i n 
an i n e r t s o l v e n t and i n t h e r e g i o n o f t h e sp e c t r u m w h i c h e x c i t e s t h e c a r b o n y l 
group, m i g h t a l s o l e a d t o l o s s o f c a r b o n monoxide. However, when t h e 
p h o t o l y s i s was c a r r i e d o u t i n d r y benzene, no r e a c t i o n o c c u r r e d and s t a r t i n g 
m a t e r i a l , was r e c o v e r e d . 
( i i ) ^^ s9jPJ^°2>ajiol • A l t h o u g h p h o t o l y s i s o f o c t a c h i o r o - 9 - a c r i d a n o n e i n 
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an i n e r t s o l v e n t d i d n o t cause d e c a r b o n y l a t i o n , i t was hoped t h a t some o t h e i 
r e a c t i o n m i g h t o c c u r when t h e s u b s t r a t e was p h o t o l y s e d i n a p r c t i c s o l v e n t . 
However s when t h e p h o t o l y s i s was c a r r i e d o u t i n i s o p r o p a n o l } i t was a g a i n 
o b s e r v e d t h a t no r e a c t i o n o c c u r r e d and o c t a c h l o r o - 9 - a c r i d a n o n e was 
r e c o v e r e d . 
6.3 P y r o l y s i s o f N o n a c h l o r o p h e n a n t h r i d i n e 
There have been s e v e r a l r e p o r t s o f n i t x ' i l i c compounds b e i n g e l i m i n a t e d 
from h e t e r o c y c l i c systems. For example, i r r a d i a t i o n o f a p y r i d i n e m a t r i x 
i n a r g o n p r o d u c e s c y c l o b u t a d i e n e by l o s s o f h y d r o g e n c y a n i d e f r o m a v a l e n c e 
bond i s o m e r . 
U. V. , 
8°K N-
u. v. HCN • 
AlsOj p e r f l u o r o i s o b u t y r y l n i t r i l e i s one o f t h e p r o d u c t s when p e r f l u o r o - 3 5 5 -
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b i s i s o p r o p y l p y r i d a z m e xs i r r a d i a t e d . 
C F 3 7 
C F 
3 7 
u. v.. C^F^CN + o t h e r compounds. 
I t has a l s o been r e p o r t e d t h a t p y r o l y s i s o f b e n z o [ c | ] c i n n o l i n e and 
o c t a c h l o r o b e n z o [ c ] c i n n o l i n e causes l o s s o f n i t r o g e n and l e a d s t o t h e 
f o r m a t i o n o f b i p h e n y l e n e and o c t a c h l o r o b i p h e n y l e n e } r e s p e c t i v e l y 191 
870°C\ 
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C l 0 700 C C l C l C l N 
N 
On t h e b a s i s o f a l l t h e s e o b s e r v a t i o n s , i t was hoped t h a t p y r o l y s i s o f 
n o n a c h l o r o p h e n a n t h r i d i n e m i g h t cause l o s s o f cyanogen c h l o r i d e , w i t h t h e 
f o r m a t i o n o f o c t a c h l o r o b i p h e n y l e n e . 
C l 
ft 
C l C l Cl 
N 
+ ClCN 
Cl 
I n p r a c t i c e , t h e p r o d u c t o f h y d r o l y s i s had t h e same m o l e c u l a r w e i g h t 
as n o n a c h l o r o p h e n a n t h r i d i n e , b u t t h e i n f r a - r e d s p ectrum was v e r y s i m i l a r t o 
t h a t o f d e c a c h l o r o b i p h e n y l , and seemed t o show a weak C=N a b s o r b t i o n . At 
t h e t i m e o f w r i t i n g i t i s n o t c l e a r what t h e p r o d u c t o f p y r o l y s i s i s , a l t h o u g h 
i t may be n o n a c h l o r o b i p h e n y l - 2 - c y a n i d e . 
C l C l 
800 c 
C l C l CN N 
C l 
P r e l i m i n a r y a t t e m p t s t o h y d r o l y s e t h e p r o d u c t f a i l e d , b u t f u r t h e r a t t e m p t s t o 
show t h e p r e s e n c e o r absence o f a n i t r i l i c g r o u p , by c h e m i c a l means, a r e i n 
hand, 
I 
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CHAPTER IV 
N u c l e o p h i l i r . S u b s t i t u t i o n s i n H e p t a c h l o r o q u i n o l i n e and 
13 
H e p t a c h l o r o i s o q u i n o l i n e : - Ting Use o f C N.M.R. i n Assignment o f O r i e n t a t i o n 
1. S u b s t i t u t i o n R e a c t i o n s o f H e p t a c h l o r o q u i n o l i n e and H e p t a c h l o r o i s o q u i n o l i n e 
1.1 Simple N u c l e o p h i l e s 
A. I n t r o d u c t i o n 
( i ) R e a c t i o n s o f M o n o h a l o g u i n o l i n e s and M o n o h a l o i s o q u i n o l i n e s . K i n e t i c 
measurements on t h e d i s p l a c e m e n t o f bromine f r o m a l l t h e m o n o b r o m o q u i n o l i n e s , 
by a l k o x i d e i o n o r amine, have shown t h a t h a l o g e n atoms i n t h e 2- and i t -
p o s i t i o n s r e a c t s e v e r a l o r d e r s o f magnitude f a s t e r t h a n h a l o g e n s i n o t h e r 
192 
p o s i t i o n s ; i t c a n be c o n s i d e r e d t h a t o n l y h a l o g e n atoms i n t h e s e 
p o s i t i o n s undergo n u c l e o p h i l i c d i s p l a c e m e n t under r e a s o n a b l y m i l d c o n d i t i o n s . 
The r e l a t i v e r a t e s o f r e a c t i o n a t t h e 2- and 4 — p o s i t i o n s o f q u i n o l i n e 
have been measured f o r a range o f n u c l e o p h i l e s . For t h e r e a c t i o n w i t h 
e t h o x i d e i o n a t 70°C, 2 - c h l o r o q u i n o l i n e has a r a t e c o n s t a n t o f 1*9 x 10~'J: 
- 1 - 1 -4 -1 l . i n o l e s , whereas t h e r a t e f o r 4 - c h l c r o q u i n o l i n e i s 1*1 x 10 l . m o l e 
-1 193 
s I n g e n e r a l , t h e r e a c t i v i t y o f t h e 2- and 4 - s u b s t i t u t e d compounds 
to w a r d s a l k o x i d e s i s q u i t e s i m i l a r . 
I n c o n t r a s t , amines n o r m a l l y r e a c t much more r e a d i l y w i t h 2 - c h l o r o -
q u i n o l i n e t h a n w i t h 4 - c h l o r o q u i n o l i n e , p o s s i b l y because o f g r e a t e r s t e r i c 
c r o w d i n g a t t h e 4 - p o s i t i o n . The r a t e o f r e a c t i o n w i t h amine a t t h e 4-
p o s i t i o n i s h i g h l y s o l v e n t dependent as shown i n T a b l e 4-1, w h i c h 
summarises r a t e s o f r e a c t i o n s o f 2 - c h l o r o q u i n o l i n e .-and 4 - c h l o r o q u i n o l i n e 
w i t h p i p e r i d i n e a t 86'5°C, i n v a r i o u s s o l v e n t s . ^ 1 
As f a r as i s o q u i n o l i n e i s concerned, 1 - c h l o r o i s o q u i n o l i n e r e a c t s w i t h 
a l k o x i d e i o n s a t a bout t h e same r a t e as 2 - c h l c r o q u i n o l i n e and 4 - c h l o r o -
193 
q u i n o l i n e ' , " b u t o t h e r m o n o c h l o r o i s o q u i n o l i n e s r e a c t more s l o w l y by s e v e r a l 
o r d e r s o f m a g n i t u d e , and m i g h t be c o n s i d e r e d t o be u n r e a c t i v e t o w a r d s 
n u c l e o p h i l i c a t t a c k . 
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TABLE 4-1 
R e a c t i o n Rates o f M o n o c h l o r o q u i n o l i n e s w i t h P i p e r i d i n e 
•-1 - 1 
S o l v e n t Rate: l . i n o l e s 
2 - C h l o r o q u i n o l i n e 4 - C h l o r o q u i n o l i n e 
Toluene 0-041 x 10 -' 1 unmeasurably s m a l l 
4 _ - 4 " P i p e r i d i n e 0-310 x 10 0-0091 x 10 
Methanol 0-258 x 10 -' 1 0-29 , x 10 
( i i ) F a c t o r s G o v e r n i n g O r i e n t a t i o n i n H i g h l y C h l o r i n a t e d H e t e r o c y c l e s . 
As seen i n C hapter I } s e c t i o n 3-2.C, t h r e e main f a c t o r s c o n t r o l t h e 
o r i e n t a t i o n o f n u c l e o p h i l i c a t t a c k i n p e r c h l o r i n a t e d h e t e r o a r o i n a t i c compounds 
and t h e s e a r e t h e o r i e n t a t i o n o f t h e r i n g n i t r o g e n the e l e c t r o n i c e f f e c t 
o f t h e c h l o r i n e atoms and s t e r i c e f f e c t s . 
O b s e r v a t i o n s on m o n o c h l o r o q u i n o l i n e s i n d i c a t e t h a t f o r h e p t a c h l o r o -
q u i n o l i n e , t h e 2- and 4 — p o s i t i o n s a r e a p p r o x i m a t e l y e q u a l l y a c t i v a t e d by 
t h e r i n g n i t r o g e n atom. S u b s t i t u t i o n i n e i t h e r o f t h e s e p o s i t i o n s has one 
c h l o r i n e atom o r t h o and one meta t o t h e p o s i t i o n o f s u b s t i t u t i o n , so t h e 
4 
e l e c t r o n i c e f f e c t o f t h e c h l o r i n e atoms would not be e x p e c t e d t o cause any 
d i s t i n c t i o n between t h e r e a c t i v i t y o f t h e 2- and 4 - p o s i t i o n s . However 
s t e r i c e f f e c t s w i l l q u i t e p r o b a b l y make s u b s t i t u t i o n a t t h e 2 - p o s i t i o n 
c o n s i d e r a b l y more f a v o u r a b l e t h a n s u b s t i t u t i o n a t thts 4 - p o s i t i o h . 
O b s e r v a t i o n s on m o n o c h l o r o i s o q u i n o l i n e s i n d i c a t e t h a t } f o r h e p t a c h l o r o -
i s o q u i n o l i n e , t h e 1 - p o s i t i o n i s most a c t i v a t e d by t h e r i n g n i t r o g e n , so i t 
m i g h t be e x p e c t e d t h a t n u c l e o p h i l i c s u b s t i t u t i o n o f J i e p t a c h l o r o i s o q u i n o l i n e 
w o u l d o c c u r o n l y a t t h i s p o s i t i o n . However i t must be borne i n mind t h a t 
s u b s t i t u t i o n i n t h e 3 - p o s i t i o n i s more f a v o u r e d s t e r i c a l l y and by t h e 
e l e c t r o n i c e f f e c t o f t h e c h l o r i n e atoms, s i n c e t h e r e i s an o r t h o and a meta 
c h l o r i n e atom, whereas a t t h e 1 - p o s i t i o n t h e r e i s o n l y a meta and a. p a r a 
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c h l o r i n e atom. 
C l C l 
C l C l 
N C l 1 
C l C l 
I t i s t h e r e f o r e p o s s i b l e t h a t t h e s e two e f f e c t s ? between then! c o u l d 
o u t w e i g h t h e e f f e c t o f t h e r i n g n i t r o g e n atom and d i r e c t s u b s t i t u t i o n o f 
h e p t a c h l o r o i s o q u i n o l i n e t o t h e 3 - p o s i t i o n . 
( i i i ) R e a c t i o n o f H e p t a f l u o r o q u i n o l i n e and H e p t a f l u o r o i s o q u i n o l i n e . 
I t i s w o r t h c o n s i d e r i n g t h e known o r i e n t a t i o n s o f s u b s t i t u t i o n i n t h e s e 
f l u o r i n a t e d coinpoundSj because t h e y may c l a r i f j r some o f t h e p r e d i c t i o n s 
made i n s e c t i o n l . l . A . ( i i ) f o r t h e c o r r e s p o n d i n g c h l o r i n a t e d compounds. 
H e p t a f l u o r o q u i n o l . i n e has o n l y been f o u n d t o undergo n u c l e o p h i l i c 
s u b s t i t u t i o n i n t h e 2- and 4 - p o s i t i o n s , and t h e s e p o s i t i o n s a r e o f 
comparable r e a c t i v i t y so t h a t 5 when two e q u i v a l e n t s o f n u c l e o p h i l e such as 
19 
m e t h o x i d e a r e u s e d } t h e n p e n t a f l u o r o - 2 , 4 - d i m e t h o x y q u i n o l i n e i s produced. 
OMe 
F 
MeO~/MeOH 
OMe N 
When one e q u i v a l e n t o f n u c l e o p h i l e i s used t h e n g e n e r a l l y a m i x t u r e 
o f 2- and 4 - s u b s t i t u t e d p r o d u c t s i s o b t a i n e d j as summarised i n T a b l e 4-2, 
When s t e r i c c r o w d i n g i s r e d u c e d t o a minimum ( t h e r e a c t i o n s o f ammonia) 
i t can be seen t h a t t h e r e a c t i v i t y o f t h e 2- and 4 - p o s i t i o n s i s v e r y s i m i l a r } 
b u t s t e r i c . e f f e c t s c l e a r l y f a v o u r t h e 2 - p o s i t i o n o v e r t h e 4 - p o s i t i o n 5 as 
t h e s i z e o f t h e n u c l e o p h i l e i s i n c r e a s e d . These o b s e r v a t i o n s g e n e r a l l y 
c o n f i r m t h e p r e d i c t i o n s made f o r h e p t a c b l o r o q u i n o l i n e , b u t t h e l a r g e s i z e 
o f t h e c h l o r i n e atom compared t o t h e f l u o r i n e a torn w o u l d be e x p e c t e d t o make 
100 -
s t e r i c e f f e c t s more i m p o r t a n t i n h e p t a c h l o r o q u i n o l i n e t h a n i n h e p t a f l u o r c -
q u i n o l i n e . 
TABLE 4-2 
P r o d u c t s o f N u c l e o p h i l i c D i s p l a c e m e n t s i n H e p t a f l u o r o q u i n o l i n e 
N u c l e o p h i l e S o l v e n t 2-Isomer 4-Isomer .Reference 
MeO" Methanol 75% 25% 195 
M e0~ t - B u t a n o l > 95% - 196 
NH 
3 
Acetone 50% 50% 195 
NH 
3 
E t h e r 6 0 % 40% 196 
Et NH 2 Acetone > 95% 196 
n-BuLi He~:ane > 95% - 196 
n-BuLi E t h e r 90% 10% 196 
H e p t a f l u o r o i s o q u i n o l i n e , w i t h one e q u i v a l e n t o f n u c l e o p h i l e , undergoes 
195 
s u b s t i t u t i o n e x c l u s i v e l y a t t h e 1 - p o s i t i o n , as would be e x p e c t e d fro;n t h e 
s u b s t i t u t i o n r a t e s o f t h e m o n o h a l o i s o q u i h o l i n e s , and t h e r a t e i s comparable t o 
t h a t f o r h e p t a f l u o r o q u i n o l i n e . #However, i t i s p o s s i b l e , under o n l y 
m o d e r a t e l y f o r c i n g c o n d i t i o n s , t o o b t a i n d i s u b s t i t u t i o n . F o r example, 
h e p t a f l u o r o i s o q u i n o l i n e r e a c t s v d t h two e q u i v a l e n t s m e t h o x i d e i o n t o g i v e 
195 
p e n t a f l u o r o - 1 , 6 - d i m e t h o x y i s o q u i n o l i n e . 
MeO 
MeO/MeOH F F R e f l u x 2 h, N N 
OMe 
These o b s e r v a t i o n s t e n d t o c o n f i r m t h e p r e d i c t i o n t h a t h e p t a c h l o i ' o i s o q u i n o l i n e 
w i l l be r e a c t i v e t o w a r d s n u c l e o p h i l e s i n t h e i - . p o s i t i o n , b u t t h e y s u g g e s t t h a t 
i t w i l l n o t be r e a c t i v e i n t h e 3 - p o s i t i o n . 
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B. D i s p l a c e m e n t s i n Hept.ach.lorQquino.line and H e p t a c h l o r o i s o q u i n o l i n e 
( i ) H e p t a c h l o r o q u i n o l i n e . D e s p i t e t h e f a c t t h a t h e p t a c h l o r o q u i n o l i n e 
i s r a t h e r i n s o l u b l e i n most s o l v e n t s w h i c h means t h a t most o f t h e s e 
r e a c t i o n s were c a r r i e d o u t on s u s p e n s i o n s , i t r e a c t e d w i t h m e t h o x i d e i o n 
under c o n d i t i o n s w h i c h a r e n o t much more f o r c i n g t h a n t h o s e r e q u i r e d f o r 
h e p t a f l u o r o q u i n o l i n e . T h i s i s i n c o n t r a s t t o t h e l o w r e a c t i v i t y o f 
95 
hexachlorobenzene r e l a t i v e t o h e x a f l u o r o b e n z e n e . 
W i t h one e q u i v a l e n t o f i n e t h o x i d e i o n , t h r e e p r o d u c t s were p r o d u c e d : 
one i s a p e n t a c h l o r o d i m e t h o x y q u i n o l i n e and t h e o t h e r two a r e h e x a c h l o r o -
m e t h o x y q u i n o l i n e s . The r e l a t i v e amounts o f t h e two monomethoxy compounds 
was a t l e a s t 4:1 and o n l y t h e m a j o r monomethoxy component c o u l d be i s o l a t e d 
i n a p u r e s t a t e . The same dimethoxy compound was o b t a i n e d a l o n e , by a 
r e a c t i o n o f h e p t a c h l o r o q u i n o l i n e w i t h two e q u i v a l e n t s o f m e t h o x i d e i o n . 
A l t h o u g h t h e r e i s no d i r e c t e v i d e n c e , i t i s h i g h l y l i k e l y t h a t t h e 
dimethoxy compound i s p e n t a c h l o r o - 2 , 4 — d i m e t h o x y q u i n - o l i n e , t h e m a j o r 
monomethoxy compound i s h e x a c h l o r o - 2 - m e t h o x y q u i n o l i n e , and t h e m i n o r inonoinethoxy 
compound i s h e x a c h l o r o ~ 4 - m e t h o x y q u i n o l i n e . 
OMe 
Cl c i lM eO C l C l Cl C l 
OMe N N 
OMe 
C l 
C l 
OMe 
OMe 
y 1 1 
C l 
2MeO C l 
v. OMe N 
f - 9 SCIENCE 
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T h i s i s c o n s i s t e n t w i t h t h e p r e d i c t i o n s made a t t h e b e g i n n i n g o f t h i s c h a p t e r 
t h e s i z e o f t h e c h l o r i n e atoms causes even s m a l l n u c l e o p h i l e s t o s u b s t i t u t e 
much more r e a d i l y a t t h e 2 - p o s i t i o n t h a n a t t h e 4 - p o s i t i o n a l t h o u g h t h e 
e l e c t r o n i c e f f e c t o f t h e c h l o r i n e atoms i s t h e same a t b o t h p o s i t i o n s 
because t h e y b o t h have one o r t h o and one meta c h l o r i n e atom. 
W i t h d i e t h y l a m i n e , h e p t a c h l o r o q u i n o l i n e r e a d i l y gave a s i n g l e mono-
s u b s t i t u t e d q u i n o l i n e , w h i c h i s t e n t a t i v e l y i d e n t i f i e d as h e x a c h l o r o - 2 -
d i e t h y l a m i n o q u i n o l i n e , ( see s e c t i o n 2.3.Bf b e l o w ) . T h i s t o o , i s i n a c c o r d 
w i t h t h e 4 - p o s i t i o n becoming l e s s r e a c t i v e as t h e s i z e o f t h e n u c l e o p h i l e 
i s i n c r e a s e d , and t h e r e was no e v i d e n c e f o r any d i s u b s t i t u t i o n o f h e p t a c h l o r o 
q u i n o l i n e by d i e t h y l a m i n e , even under - q u i t e f o r c i n g c o n d i t i o n s . 
Excess r e f l u x i n g ^ 
E t NH 2 
C l cr. 
V ^ ^ N ^ N E t , 
( i i ) H e p t a c h l o r o i s o q u i n o l i n e . L i k e h e p t a c h l o r o q u i n o l i n e , t h e 
i n s o l u b i l i t y o f h e p t a c h l o r i s o q u i n o l i n e caused the s u b s t i t u t i o n r e a c t i o n s t o 
be done on s u s p e n s i o n s , b u t n o t much more v i g o r o u s c o n d i t i o n s were needed t h a n 
f o r h e p t a f l u o r o i s o q u i n o l i n e . 
W i t h one e q u i v a l e n t o f m e t h o x i d e i o n , a s i n g l e m o n o s u b s t i t u t e d hexa-
c h l o r o i s o q u i n o l i n e was o b t a i n e d , w h i c h i s t e n t a t i v e l y i d e n t i f i e d as 
h e x a c h l o r o - l - m e t h o x y i s o q u i n o l i n e , (see s e c t i o n 2.3-D, b e l o w ) . 
MeO C l C l 
OMe 
S u b s t i t u t i o n o c c u r s a t t h e p o s i t i o n which i s most a c t i v a t e d t o n u c l e o p h i l i c 
a t t a c k by t h e r i n g system, and t h e d i r e c t i n g e f f e c t s o f t h e c h l o r i n e atoms, 
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b o t h e l e c t r o n i c and s t e r i c , a r e o b v i o u s l y o u t w e i g h e d by t h e d i r e c t i n g 
i n f l u e n c e o f t h e r i n g n i t r o g e n atom. 
Even when t h e s t e r i c e f f e c t s were more s e v e r e , such as when d i e t h y l -
amine was t h e n u c l e o p h i l e , a s i n g l e m o n o s u b s t i t u t e d compound was o b t a i n e d 
by r e a c t i o n w i t h h e p t a c h l o r o i s o q u i n o l i n e . There i s no d i r e c t e v i d e n c e , b u t 
t h i s i s pr o b a b l y h e x a c h l o r o - 1 - d i e t ' n y l a m i n o i s o q u i n o l i n e . 
c i c i 1 
E t _ NH 
C l C l
N N 
N E t 2 
U n l i k e h e p t a f l u o r o i s o q u i n o l i n e , i t was n o t p o s s i b l e t o o b t a i n any 
d i s u b s t i t u t i o n i n h e p t a v h l o r o i s o q u i n o l i n e , even w i t h m e t h o x i d e i o n under 
f o r c i n g c o n d i t i o n s . 
1.2 S u l p h u r C o n t a i n i n g N u c l e o p h i l e s 
The t r e a t m e n t o f h e p t a c h l o r o q u i . n o l i n e w i t h sodium d i s u l p h i d e s o l u t i o n 
d i d n o t cause any r e a c t i o n t o o c c u r , a l t h o u g h t h i s r e a g e n t does c o n v e r t 
o c t a c h l o r o n a p h t h a l e n e t o 2 , 3 , 4 , 5 , 6 , 7 - h e x a c h l o r o n a p h t h o [ l , 8 - c d ] - l , 2 - d i t h i o l e . 
The more v i g o r o u s c o n d i t i o n s , , u s i n g e l e m e n t a l s u l p h u r , w h i c h a l l o w 
3 , 4 , 7 , 8 - t e t r a c h l o r o n a p h t h o [ 1 , 8 - c d : 4 , 5 - c ' d ' ] b i s [ l 2 ] d i t h i o l e t o be o b t a i n e d 
101 
from o c t a c h l o r o n a p h t h a l e n e , were s u c c e s s f u l i n c o n v e r t i n g h e p t a c h l o r o -
q u i n o l i n e t o 2 , 3 , 6 , 7 , 8 - p e n t a c h l 6 r o q u i n o [ 4 , 5 - c d ] - l , 2 - d i t h i o l e . 
S S 
C l 
S/320°C C l C l 
15 m. Cl N N 
A p u r e sample o f t h e p r o d u c t was o b t a i n e d by r c c r y s t a l l i s a t i o n and vacuum 
s u b l i m a t i o n . 
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1,3 O r g a n o m e t a l 1 i c Reagents 
A„ I n t r o d u c t i o n 
As m e n t i o n e d i n Chapter I , p e r f l u o r i n a t e d h e t e r o a r o m a t i c n i t r o g e n 
compounds n o r m a l l y r e a c t w i t h o r g a n o m e t a l l i c r e a g e n t s t o g i v e a . l k y l 
s u b s t i t u t i o n , and h e p t a f l u o r o q u i n o l i n e r e a c t s w i t h n - b u t y l l i t h i u m t o 
196 
g i v e m a i n l y 2 - n - b u t y l h e x a f i u o r o q u i n o l i n e . 
F F n-BuLj Hexane 
P e n t a c h l o r o p y r i d i n e , however, undergoes i n s t a l l a t i o n , r e a c t i o n s and 
m o n o h a l o t e t r a f l u o r o p y r i d i n e s a l s o n o r m a l l y g i v e m e t a l l a t i o n . For example, 
4 - b r o m o t e t r a f l u o r o p y r i d i n e and t e t r a f l u o r o - 4 - i o d c p y i i d i n e can p r o d u c e 
197,198 G r i g n a r d r e a g e n t s and l i t h i o d e r i v a t i v e s . 
X 
F PhMql F 
X 
F n-BuLi 
However, a t t e m p t s t o make G r i g n a r d r e a g e n t s o r l i t h i o d e r i v a t i v e s o f 2-
bromohexaf l u o r o q u i n o l i n e and o f 2, 4 - d i b r o m o p e n t a f l u c t r o q u i n o l i n e have o n l y 
199 
l e d t o e x t e n s i v e d e c o m p o s i t i o n . 
B. R e a c t i o n o f H e p t a c h l o r q u i n o l i n e w i t h n-Bufryl L i t h i u m 
When h e p t a c h l o r o q u i n o l i n e was t r e a t e d w i t h n - b a t y l l i t h i u m and t h e n t h e 
r e a c t i o n m i x t u r e h y d r o l y s e d , o n l y d a r k t a r r y m a t e r i a l s , r e s u l t i n g f r o m 
e x t e n s i v e d e c o m p o s i t i o n , were o b t a i n e d ; t h i s was sa even when t h e whole 
r e a c t i o n was c a r r i e d o u t a t -7S°C. 
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T h i s r e s u l t , t o g e t h e r w i t h t h e e a r l i e r r e s u l t s on b r o m o f l u o r o -
u u i n o l i n e s , s u g g e s t s t h a t some f e a t u r e o f t h e q u i n o l i n e r i n g system, w h i c h 
i s d i f f e r e n t t o t h e p y r i d i n e r i n g system, makes i t s o r g a n o m e t a l l i c 
d e r i v a t i v e s v e r y u n s t a b l e . W h i l e i t i s easy t o e n v i s a g e s e v e r a l ways i n 
which such d e r i v a t i v e s c o u l d decompose, i t i s n o t c l e a r why t h e y s h o u l d be 
so much l e s s s t a b l e t h a n t h e c o r r e s p o n d i n g d e r i v a t i v e s o f p y r i d i n e . 
13 
2 ' C N.M. R. and i t s A t t e m p t e d Use i n A s s i g n i n g 0 r i e n t a t i o n o f S u b s t i t u t i o n 
13 
Textbooks on C n u c l e a r m a g n e t i c resonance s p e c t r o s c o p y have r e c e n t l y 
been p u b l i s h e d . There i s a g e n e r a l i n t r o d u c t i o n t o i t s a p p l i c a t i o n i n 
200 201 o r g a n i c c h e m i s t r y , as w e l l as t a b l e s o f o b s e r v e d s p e c t r a , b u t i t i s 
o n l y w i t h i n t h e l a s t t e n y e a r s t h a t t h i s f o r m o f s p e c t r o s c o p y has become 
a t a l l w i d e l y used. 
2.1 General P r i n c i p l e s o f "^ C N r M. R. 
A. N u c l e a r S e n s i t i v i t y and N a t u r a l Abundance 
Carbon-13 i s t h e o n l y s t a b l e i s o t o p e o f c a r b o n t o have a n u c l e a r s p i n , 
and i t s s p i n number i s J ; i n t h i s r e s p e c t , n u c l e a r resonance s p e c t r o s c o p y 
o f carbon-13 i s s i m i l a r t o s p e c t r o s c o p y o f t h e p r o t o n . However, t h e r e a r e 
some i m p o r t a n t d i f f e r e n c e s betwee/i carbon-13 and t h e p r o t o n . 
F i r s t , t h e m a g n e t o g y r i c r a t i o f o r carbon-13 i s o n l y about 4 t h a t o f t h e 
202 203 
v a l u e f o r a p r o t o n ; a c c u r a t e measurements g i v e t h e r a t i o t o be 0»251443' 5 
Now t h e energy d i f f e r e n c e , AE s between t h e two m a g n e t i c energy l e v e l s o f a 
n u c l e u s i s g i v e n by 
AE = yhH 
where y i - s t h e m a g n e t o g y r i c r a t i o , h i s F l a n c k ' s constant, and H i s t h e 
a p p l i e d m a g n e t i c f i e l d * Hence, f o r a g i v e n m a g n e t i c f i e l d , t h e e n e r g y 
d i f f e r e n c e between t h e two l e v e l s w i l l bp. l e s s f o r a carbon-13 n u c l e u s t h a n 
f o r a p r o t o n , and, by t h e Bo 1 tsunami energy d i s t r i b u t i o n , t h e excess 
p o p u l a t i o n o f t h e ground s t a t e , r e l a t i v e t o t h e e x c i t e d s t a t e , w i l l be l e s s . 
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T h i s means t h a t t h e carbon-13 n u c l e u s i s i n t r i n s i c a l l y l e s s s e n s i t i v e t h a n 
a p r o t o n by a f a c t o r o f about 64. 
Secondly, s p e c t r o s c o p i c measurements a r c n o r m a l l y made on. samples 
c o n t a i n i n g o n l y t h e n a t u r a l abundance o f carbon-13, w h i c h i s about 
O b v i o u s l y , t h i s f u r t h e r l o w e r s t h e s e n s i t i v i t y compared t o p r o t o n 
s p e c t r o s c o p y , and o v e r a l l t h e t e c h n i q u e i s l e s s s e n s i t i v e by a f a c t o r o f 
about 6000. 
B. The Use o f P u l s e d F o u r i e r T r a n s f o r m 
P u l s e d F o u r i e r t r a n s f o r m t e c h n i q u e s can be used f o r a l l f o r m s o f 
n u c l e a r resonance s p e c t r o s c o p y , b u t t h e y a r e p a r t i c u l a r l y u s e f u l i n 
combating t h e low s e n s i t i v i t i e s e n c o u n t e r e d w i t h carbon-13 n.m.r. A 
c o n v e n t i o n a l n.m.r. s p e c t r o m e t e r i r r a d i a t e s ..the sampls w i t h a c o n t i n u o u s r a d i o -
f r e q u e n c y wave and r e c o r d s a b s o r b t i o n s f r o m t h i s wave as a f u n c t i o n o f 
f r e q u e n c y ; o n l y one t y p e o f ca r b o n e n v i r o n m e n t i s e x c i t e d , and hence 
ob s e r v e d , a t any g i v e n t i m e . 
However, i f t h e sample i s i r r a d i a t e d w i t h a s h o r t , h i g h power, r a d i o -
f r e q u e n c y p u l s e , t h e n i t i s p o s s i b l e t o e x c i t e a l l t h e c a r b o n n u c l e i , i n t h e i r 
v a r i o u s e n v i r o n m e n t s , a t once. The e m i s s i o n s o f r a d i o - f r e q u e n c y waves, 
as t h e system r e l a x e s , may t h e n be ob s e r v e d . I f t h e r e i s o n l y one t y p e o f 
n u c l e u s i n t h e sample, t h e n t h i s e m i s s i o n w i l l be o f a s i n g l e f r e q u e n c y , 
w i t h t h e i n t e n s i t y f a l l i n g w i t h t i m e , as shown. 
f 
F i e l d 
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I n p r a c t i c e , where t h e r e a r e s e v e r a l t y p e s o f n u c l e i , s e v e r a l d i f f e r e n t , 
b u t s i m i l a r , e m i s s i o n f r e q u e n c i e s a r e o b s e r v e d and b e a t p a t t e r n s a r e 
produced. The m a t h e m t a i c a l o p e r a t i o n o f F o u r i e r t r a n s f o r m a t i o n , f o r w h i c h 
computer f a c i l i t i e s a r e r e q u i r e d and w h i c h i s o l a t e s t h e component f r e q u e n c i e s 
from a complex wave f o r m , a l l o w s t h e s e r e s u l t s t o be p r e s e n t e d i n t h e more 
f a m i l i a r c u r v e o f a b s o r b t i o n a g a i n s t f r e q u e n c y . 
T h i s t e c h n i q u e i s p u l s e d F o u r i e r t r a n s f o r m s p e c t r o s c o p y ; i t s v a l u e 
l i e s i n t h e f a c t t h a t i t t a k e s l e s s t i m e t o r e c o r d t h e whole spectrum once 
by t h i s t e c h n i q u e , t h a n i t does by t h e c o n t i n u o u s wave method. The spectrum 
i s n o r m a l l y r e c o r d e d many t i m e s and summed t o improve t h e s i g n a l t o n o i s e 
r a t i o . F o u r i e r t r a n s f o r m a l l o w s as good a s i g n a l t o n o i s e r a t i o t o be 
a c h i e v e d i n l e s s t i m e t h a n i s r e q u i r e d i n a c o n t i n u o u s wave e x p e r i m e n t , o r 
i f t h e same t i m e i s s p e n t on r e c o r d i n g t h e same spectrum by t h e two methods, 
t h e n t h e s i g n a l t o n o i s e r a t i o f o r t h e F o u r i e r t r a n s f o r m spectrum w i l l be 
g r e a t e r by a f a c t o r o f about 10. 
C. The Nu c l e a r Overhauser E f f e c t and S p i n - S p i n C o u p l i n g 
As mentioned i n s e c t i o n 2.1.A, t h e excess o f p o p u l a t i o n i n t h e g r o u n d 
s t a t e , r e l a t i v e t o t h e e x c i t e d s t a t e , i s v e r y s m a l l f o r carbon-13 n u c l e i , 
and methods o f r e l a x a t i o n f r o m t h e e x c i t e d s t a t e a r e i m p o r t a n t , t o p r e v e n t 
t h e sample f r o m becoming r a p i d l y s a t u r a t e d . An i m p o r t a n t r e l a x a t i o n method 
i s t h r o u g h i n t e r a c t i o n between t h e d i p o l e o f t h e carbon-13 n u c l e u s and t h e 
d i p o l e s o f a d j a c e n t n u c l e i ; i n t e r a c t i o n w i t h p r o t o n s i s most i m p o r t a n t . 
13 
When a "C n.m.r. e x p e r i m e n t i s b e i n g c a r r i e d o u t , i t i s u s u a l t o e x c i t e a l l 
t h e p r o t o n s by a b r o a d band r a d i o - f r e q u e n c y f i e l d , f o r two main r e a s o n s . 
F i r s t , t h e d i s t u r b a n c e o f t h e p r o t o n s i n c r e a s e s t h e e f f i c i e n c y o f t h e 
d i p o l a r r e l a x a t i o n o f carbon-13 and l e a d s t o a s i g n a l enhancement, known as 
th e N u c l e a r Overhauser E f f e c t . The i n c r e a s e d r e l a x a t i o n e f f i c i e n c y can be 
p i c t u r e d as a r i s i n g f r o m t h e t e n d e n c y f o r carbon-13 n u c l e i and p r o t o n s t o be 
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s p i n p a i r e d . The s i g n a l enhancement i s g r e a t e s t as t h e number o f p r o t o n s 
d i r e c t l y bonded t o a c a r b o n atom i n c r e a s e s , and t h i s e f f e c t means t h a t t h e 
13 
i n t e g r a t i o n o f peak areas i n a ' C n.ni.r. s p ectrum does n o t px^ovide v e r y 
m e a n i n g f u l i n f o r m a t i o n on t h e r e l a t i v e numbers o f d i f f e r e n t t y p e s o f c a r b o n 
atoms p r e s e n t . 
13 1 
Secondly, a l l s p i n - s p i n c o u p l i n g between C and H i s d e s t r o y e d and t h e 
13 13 
C spectrum i s g r e a t l y s i m p l i f i e d . N o r m a l l y , C s p e c t r a show no c o u p l i n g 
between two o r more carbon-13 n u c l e i e i t h e r , because o f t h e l o w n a t u r a l 
abundance, w h i c h makes i t u n l i k e l y t h a t two carbon-13 n u c l e i w i l l be p r e s e n t 
i n one m o l e c u l e and a b l e t o c o u p l e . The o n l y s p i n - s p i n c o u p l i n g w h i c h i s 
n o r m a l l y seen i s t h a t between carbon-13 and o t h e r s p i n \ n u c l e i , such as 
f l u o r i n e - 1 9 . 
D. F e a t u r e s o f Chemical S h i f t s 
I n a p r o t o n n.m.r. s p e c t r u m , i t i s u s u a l t o o b t a i n s t r u c t u r a l 
i n f o r m a t i o n f r o m t h e c h e m i c a l s h i f t s , peak areas and s p i n - s p i n c o u p l i n g . 
As m e n t i o n e d i n s e c t i o n 2. l.C, peak a r e a s and s p i n - s p i n c o u p l i n g a r e n o t 
v e r y u s e f u l i n carbon-13 o b s e r v a t i o n s and much g r e a t e r emphasis i s p l a c e d 
on c h e m i c a l s h i f t measurements. 
These c o v e r a much w i d e r range t h a n do p r o t o n s h i f t s ( a b o u t 200 p.p.m. 
f o r o r g a n i c compounds) a r e a r e n o r m a l l y measured r e l a t i v e t o t h e same 
s t a n d a r d , t e t r a m e t h y l s i l a n e . Most s h i f t s a r e d o w n f i e l d from T.M.S. and 
d o w n f i e l d s h i f t s a r e q u o t e d as p o s i t i v e , w h i c h i s t h e same c o n v e n t i o n as 
t h a t u s u a l l y used f o r p r o t o n s , b u t t h e o p p o s i t e c o n v e n t i o n t o t h a t u s u a l l y 
used f o r f l u o r i n e - 1 9 n u c l e i . G e n e r a l l y , c a r b o n atoms w h i c h a b s o r b a t l o w 
13 
f i e l d i n t h e C spectrum, c a r r y p r o t o n s w h i c h a l s o a b s o r b a t low f i e l d i n 
1 
t h e H spectrum, so t h a t a r o m a t i c carbons a r e f u r t h e r d o w n f i e l d t h a n o l e f i n i c 
c a r b o n s , w h i c h a r e f u r t h e r d o w n f i e l d t h a n p a r a f f i n i c c a r b o n s . 
_ log -
13 2.2 E a r l i e r " C N. M.R, O b s e r v a t i o n s on C h l o r o a r o m a t i c Compounds 
There has been v e r y l i t t l e work r e p o r t e d on h i g h l y c h l o r i n a t e d compounds 
because o f t h e d i f f i c u l t i e s o f a s s i g n i n g a b s o r b t i o n s t o p a r t i c u l a r c a r b o n 
atoms when t h e r e i s no s p i n - s p i n c o u p l i n g . I t is} however p o s s i b l e t o 
a s s i g n t h e peaks o f h y d r o g e n a t e d compounds by o n l y p a r t i a l l y removing t h e 
s p i n - s p i n c o u p l i n g and r e c e n t l y s p e c t r a o f p e r c h l o r o c a r b o n s have been 
204 
a s s i g n e d f r o m t h e c o u p l i n g s i n t h e i r inonohydro analogues. 
A, Chlorobenzenes and S u b s t i t u e n t Chemical S h i f t s 
Benzene i t s e l f has, o f c o u r s e , o n l y one t y p e o f ca r b o n atom i n t h e 
205 
n.m.r. spectrum, b u t c h l o r o b e n z e n e has f o u r t y p e s . These may be 
a s s i g n e d f r o m t h e p a r t i a l c o u p l i n g t o hydrogen, and t h e changes i n c h e m i c a l 
s h i f t o f t h e v a r i o u s c a r b o n atoms i n t h e r i n g caused by t h e r e p l a c e m e n t o f 
205 
C-H by C-Cl can t h e n be c a l c u l a t e d . These changes eve known as 
s u b s t i t u e n t c h e m i c a l s h i f t s and t h e i r v a l u e s a r e : 
Carbon Atom S h i f t p.p.m. 
Carbon S u b s t i t u t e d +5-63 
Carbon O r t h o +0 0^5 
Carbon Meta . +1*43 
Carbon Para -1*86 
P o s i t i v e v a l u e s i n d i c a t e t h a t , a c c o r d i n g t o t h e c o n v e n t i o n used h e r e } 
a b s o r b t i o n s a r e a t l o w e r f i e l d t h a n i n t h e u n s u b s t i t u t e d compound. 
Using t h e known c h e m i c a l s h i f t f o r benzene and t h e s e s u b s t i t u e n t 
c h e m i c a l s h i f t s f o r t h e r e p l a c e m e n t o f C-H by C_Cl f t h e s p e c t r a o f o r t h o 
d i c h l o r o b e n z e n e and meta d i c h l o r o b e n z e n e have been c a l c u l a t e d and compared 
20^ 
w i t h t h e o b s e r v e d s p e c t r a . ' G e n e r a l l y t h e agreement i s q u i t e good, t o 
w i t h i n l e s s t h a n 1 p.p.m. 
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B. C h l o r o p y r i d i n e s and C h l o r o d i a z i n e s 
The C n.m.r. s p e c t r a o f p y r i d i n e , p y r i d a z i n e , p y r i m i d i n e and p y r a z i n e , 
have a l l been measured and a s s i g n e d by t h e p a r t i a l c o u p l i n g s t o hydrogen 
. 206 
n u c l e i . A l t h o u g h t h e s u b s t i t u e n t c h e m i c a l s h i f t s f o r t h e r e p l a c e m e n t 
o f C-H by C-Cl g i v e n i n s e c t i o n 2.2.A } were f o r c a r b o c y c l i c a r o m a t i c 
compounds, t h e y have been a p p l i e d t o p r e d i c t t h e s p e c t r a o f p e n t a c h l o r o -
207 
p y r i d i n e and a l l t h e t e t r a c h l o r o d i a z i n e s , u s i n g t h e a s s i g n e d s p e c t r a 
o f t h e p a r e n t h y d r o g e n compounds. When t h e s e p r e d i c t e d s p e c t r a ax*e 
207 
compared w i t h t h e o b s e r v e d s p e c t r a , w h i c h cannot be d i r e c t l y a s s i g n e d , 
t h e agreement i s s u f f i c i e n t t o a l l o w f u l l a s s i g n m e n t s o f t h e o b s e r v e d s p e c t r a 
t o be made. 
2 .3 Wprk on C h l o r o q u i n o l i n e s and C h l o r o i s o q u i n o l i n e s 
A. H e p t a c h l o r o q u i n r J . i n e 
13 
The C n.m.r. spectrum o f q u i n o l i n e has been measured and c o m p l e t e l y 
208 
a s s i g n e d , u s i n g p a r t i a l s p i n - s p i n c o u p l i n g s . U s i n g t h i s s p e c trum, and 
t h e s u b s t i t u e n t c h e m i c a l s h i f t s f o r t h e r e p l a c e m e n t o f C_H by C-Cl 
205 13 measured f r o m benzene d e r i v a t i v e s , i t i s p o s s i b l e t o p r e d i c t t h e C 
n.m.r. spectrum o f h e p t a c h l o r o q u i n o l i n e . T h i s p r e d i c t e d spectrum i s 
compared w i t h t h e o b s e r v e d spectrum i n T a b l e 4—3. The peaks a r e a r r a n g e d 
i n . o r d e r o f i n c r e a s i n g c h e m i c a l s h i f t d o w n f i e l d f r o m T.M.S. ( b u t t a k e n as 
p o s i t i v e ) , and the i n t e g r a t i o n o f t h e o b s e r v e d s p e c t r u m i s e x p e c t e d t o be 
13 
more a c c u r a t e t h a n i s n o r m a l l y t h e case i n C n.m.r., because t h e r e a r e no 
hydrogen atoms i n t h e m o l e c u l e . 
As t h e r e a r e o n l y e i g h t peaks i n t h e o b s e r v e d s p e c t r u m , one o f t h e s e 
must c o r r e s p o n d t o two c a r b o n atoms w h i c h have a l m o s t i d e n t i c a l c h e m i c a l 
s h i f t s and, f r o m t h e i n t e g r a t i o n , i t i s c l e a r t h a peak e must be t h e one 
w h i c h c o r r e s p o n d s t o two c a r b o n atoms. A l t h o u g h t h e c o r r e l a t i o n between t h e 
p r e d i c t e d and o b s e r v e d s p e c t r a i s n o t v e r y good, i t i s p o s s i b l e t o make some 
I l l -
TABLE 4-3 
13,. C a l c u l a t e d and Observed C N.M.R. Chemical S h i f t s f o r H e p t a c h l o r o q u i n o l i n e 
C a l c u l a t e d 
Ring P o s i t i o n 
3 
10 
5 
6 
8 
7 
4 
9 
2 
S h i f t p.p. 
126- 5 
127- 3 
132- 9 
133- 4 
134- 5 
136-3 
.142-8 
. 147-4 
157-i 
Observed 
Peak S h i f t p.p.m. 
a 
9 
h 
123-4 
127-8 
131- 5 
132- 7 
135-5 
141-2 
141-5 
150-6 
I n t e g r a t i o n 
27 
22 
19 
19 
61 
20 
18 
14 
a s signments o f t h e o b s e r v e d spectrum f r o m t h i s t a b l e . For examplej peak h 
i s t h e o n l y one w i t h a n y t h i n g l i k e as g r e a t a c h e m i c a l s h i f t as t h a t 
p r e d i c t e d f o r t h e 2-carbon atom, so peak h may be a s s i g n e d as b e i n g due t o 
t h a t c a r b o n atom. The f u l l e s t a s signment w h i c h can be made w i t h r e a s o n a b l e 
c e r t a i n t y i s shown below. 
c and d .a and b 
f and g 
B. H e x a c h l o r o d i e t h y l a m i n o q u i n o l i n e 
l * * 
The o b s e r v e d "X n.m.r. spectrum o f t h e m o n o s u b s t i t u t e d compound 
o b t a i n e d by r e a c t i n g h e p t a c h l o r o q u i n o l i n e w i t h d i e t h y l a m i n e i s g i v e n i n 
11.2 
Appendix 3« '-hs c a r b o n atoms o f t h e e t l i y l g r o u ps would be e x p e c t e d t o 
absorb a t a c o m p l e t e l y d i f f e r e n t c h e m i c a l s h i f t p o s i t i o n f r o m t h a t o f t h e 
a r o m a t i c r i n g c a r b o n s , and a r e t h e two peaks a t 13*0 p.p.m. ( c o r r e s p o n d i n g 
t o t h e m e thyl groups) and a t 44-8 p.p.m. ( c o r r e s p o n d i n g t o t h e m e t h y l e n e 
g r o u p s ) . 
O b s e r v a t i o n s on a m i n o c h l o r o p y r i d i n e s have a l l o w e d s u b s t i t u e n t c h e m i c a l 
s h i f t s f o r t h e r e p l a c e m e n t o f C-Cl by C-NR i n h i g h l y c h l o r i n a t e d r.romatic 
207 
systems t o be measured, and t h e v a l u e s o b t a i n e d a r e : 
Carbon Atom S h i f t p.p.m. 
Carbon S u b s t i t u t e d + 8-4 
Carbon O r t h o -12-8 
Carbon Meta - 2-b 
Carbon Para ~ -11 
Using t h e s e s h i f t v a l u e s , and t h e p a r t i a l l y a s s i g n e d spectrum o f h e p t a c h l o r o -
q u i n o l i n e , t h e p r e d i c t e d s p e c t r a o f t h e v a r i o u s h e x a c h l o r o d i e t h y l a m i n o -
q u i n o l i n e s may be c a l c u l a t e d , as i s done i n T a b l e 4-4, w h i c h a l s o g i v e s t h e 
observed spectrum o f t h e r i n g c a r b o n atoms. 
As can be seen, t h e ob s e r v e d spectrum has a peak w i t h a g r e a t e r 
d o w n f i e l d s h i f t t h a n h e p t a c h l o r o q u i n o l i n e i t s e l f , and t h i s i s o n l y t r u e o f 
13 
t h e p r e d i c t e d spectrum f o r t h e 2 - d i e t h y l a m i n o compound. The C n.m.r. 
e v i d e n c e t h e r e f o r e t e n d s t o i d e n t i f y t h i s compound as h e x a c h l o r o - 2 -
d i e t h y l a m i n o q u i n o l i n e . The c o r r e l a t i o n between t h e o b s e r v e d and p r e d i c t e d 
s p e c t r a i s n o t v e r y good and t h i s l i m i t s t h e e x t e n t t o w h i c h t h e o b s e r v e d 
spectrum can be a s s i g n e d . T h i s p o o r c o r r e l a t i o n i s p a r t l y due t o t h e 
f a c t t h a t t h e spectrum o f h e p t a c h l o r o q u i n o l i n e i t s e l f i s n o t c o m p l e t e l y 
a s s i g n e d , b u t i t a l s o s u g g e s t s t h a t s u b s t i t u e n t c h e m i c a l s h i f t s f o r t h e 
r e p l a c e m e n t o f C-Cl by C~NT?o v a r y q u i t e c o n s i d e r a b l y between h i g h l y 
- 133 
c h l o r i n a t e d p y r i d i n e s and h i g h l y c h l o r i n a t e d q u i n o l i n e s . 
TABLE 4-4 
13 C a l c u l a t e d JC N.M. R. Chemical S h i f t s f o r V a r i o u s 
D i e t h y l a m i n o H e x a c h l o r o q u i n o l i n e s 
P o s i t i o n o f D i e t h y l amino 
S u b s t i t u e n t 
Ring 
Carbon Atom ^ ^ - ^ ^ 2 3 4 5 6 7 8 
2 159 138 148 150'6 150-6 150-6 150-6 
3 113 133 112 125 125 125 125 
4 138 127 149 141 141 141 141 
5 132 132 132 140 119 129 121 
6 132 132 132 119 140 119 129 
7 135-5 135-5 135-5 133 124 144 123 
8 135-5 135-5 135-5 124 133 124 144 
9 138 130 138 138 130 138 130 
10 114 122 112 112 122 114 122 
Observed Spectrum 
Peak a b c d e f g h. i 
f i " 119-5 121-9 p.p.m. 127-3 128-9 13O.3 133-5 139 • 6 141-3 155-
The a s signment o f t h e o b s e r v e d spectrum o f hexachloro - 2-diethy.lamino--
q u i n o l i n e can t h u s o n l y be v e r y p a r t i a l , and t h e f i g u r e below shows a l l t h a t 
c a n be s t a t e d w i t h r e a s o n a b l e c e r t a i n t y . 
a and b 
c, d, e and f 
C l 7C 
// 
g and h 
'CIF -CH 
44-8 p.p.m. 13"0 p.p.n: 
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C. H e p t a c h l o r o i s o q u i . n o l i n e 
As i n t h e case o f h e p t a c h l o r o q u i n o l i n e , a p r e d i c t i o n o f t h e spectrum o f 
h e p t a c h l o r o i s o q u i n o l i n e may be made f r o m t h e a s s i g n e d spectrum o f i s o -
208 
q u i n o l i n e , and s u b s t i t u e n t c h e m i c a l s h i f t s f o r t h e re p l a c e m e n t o f C-H by 
C-Cl. T h i s p r e d i c t e d s pectrum i s compared w i t h t h e ob s e r v e d spectrum i n 
T a b l e 4-5. 
TABLE 4-5 
13 C a l c u l a t e d and Observed C N.M.R. Chemical S h i f t s f o r H e p t a c h l o r o i s o q u i n o l i n e 
C a l c u l a t e d Observed 
Ring Pos i t i o n S h i f t p.p.m. Peak S h i f t p.p.m. I n t e g r a t i o n 
4 124-0 a 123 • 5 76 
5 131-5 b 124-5 89 
8 132-6 c 128-7 91 
7 134-2 d 130-1 89 
9 134-8 e 134-9 98 
6 137-3 f 135-8 88 
10 145-1 g 139-7 65 
3 
* 
146-5 h 146-2 220 
1 157-7 
As w i t h h e p t a c h l o r o q u i n o l i n e , one o f t h e o b s e r v e d peaks must accoun t f o 
two r i n g c a r b o n atoms, and i n t e g r a t i o n c l e a r l y shows t h a t t h i s must be peak h. 
A t e n t a t i v e p a r t i a l assignment o f t h e o b s e r v e d s p e c t r u m can be made as shown 
below. 
d, e and f 
b and c 
The l i m i t a t i o n s o f t h i s method o f c a l c u l a t i n g a p r e d i c t e d s pectrum a r e 
i l l u s t r a t e d by t h e d i f f e r e n c e o f 11*5 p.p.m. between t h e t r u e s h i f t o f t h e 
1-carbon atom, and i t s c a l c u l a t e d v a l u e . 
D. H e x a c h l o r o i n e t h o x y i s o q u i n o l i n e 
13 
I t i s u n f o r t u n a t e t h a t C n.m.r. s p e c t r a have o n l y been measured on a 
ddethylami.no s u b s t i t u t e d q u i n o l i n e , and a methoxy s u b s t i t u t e d i s o q u i n o l i n e , 
b u t t h i s was because o f the d i f f i c u l t y o f p r e p a r i n g o r p u r i f y i n g s u f f i c i e n t 
amounts o f o t h e r d e r i v a t i v e s . 
13 
The o b s e r v e d C n.m.r. sp e c t r u m o f t h e mono s u b s t i t u t e d compound, 
o b t a i n e d by r e a c t i n g h e p t a c h l o r o i s o q u i n o l i n e w i t h one e q u i v a l e n t o f m e t h o x i d e 
i o n , i s g i v e n i n Appendix 3» C l e a r l y , t h e peak a t 54'7 p.p.m. c o r r e s p o n d s 
t o t h e c a r b o n atom o f t h e methoxy group, and t h e o t h e r peaks a r e due t o t h e 
r i n g c a r b o n atoms. 
O b s e r v a t i o n s on m e t h o x y c h l o r o p y r i d i n e s have a l l o w e d s u b s t i t u e n t c h e m i c a l 
s h i f t s f o r t h e r e p l a c e m e n t o f C-Cl by C-OCH^ i n h i g h l y c h l o r i n a t e d a r o m a t i c 
207 
systems t o be measured, and t h e v a l u e s o b t a i n e d a r e : 
Carbon Atom S h i f t p.p.in. 
Carbon S u b s t i t u t e d 1-23*8 
Carbon O r t h o -14'9 
Carbon Meta - 0*1 
Carbon Para - 6*1 
U s i n g t h e s e s h i f t v a l u e s , and t h e p a r t i a l l y a s s i g n e d spectrum o f h e p t a c h l o r o -
i s o q u i n o l i n e , t h e p r e d i c t e d s p e c t r a o f t h e v a r i o u s h e x a c h l o r o m e t h o x y -
i s o q u i n o l i n e s may be c a l c u l a t e d , as i s done i n T a b l e 4-6, w h i c h a l s o g i v e s 
t h e o b s e r v e d spectrum o f t h e r i n g c a r b o n atoms. 
When compared w i t h t h e ob s e r v e d spectrum, none o f t h e s e p r e d i c t e d 
s p e c t r a c o r r e l a t e s v e r y w e l l , b u t t h e r e a r e two f e a t u r e s o f t h e p r e d i c t e d 
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13, 
TABLE /j.„6 
C a l c u l a t e d *JC N.M.R. Chemical S h i f t s f o r V a r i o u s 
Methoy.y H e x a c h l o r o i s o q u i no l i n e s 
P o s i t i o n o f Methoxy 
S u b s t i t u e n t 
Ring " " " ^ ^ ^ 
Carbon A t o i n * * ^ ^ 1 3 4 5 6 7 8 
1 170-0 146 • 1 140-1 146 • 2 146-2 146-2 1.46-2 
3 146-1 170-0 131-3 146-2. 1.46 • 2 146 • 2 146 • 2 
4 117-4 108 • 6 147-3 123-5 123-5 123-5 123-5 
5 125 125 125 149 110 125 119 
6 132 132 132 117 156 117 132 
7 132 132 132 132 117 156 117 
8 125 125 125 119 125 110 149 
9. 117-1 127-9 132 1.32 126 132 117 
10 139-6 139-6 124-8 125 139-6 133-6 139-6 
Observed Spectrum 
Peak a b c d e f a h 
S h i f t 113-0 114-7 125-2 127-3 130-4 131 = 2 135-6 142-5 153 
spectrum f o r t h e 1 - s u b s t i t u t e d compound whi c h make i t c o r r e l a t e b e t t e r t h a n 
any o f t h e o t h e r s . F i r s t , t h e r e i s a peak i n t h e o b s e r v e d spectrum a t a 
s i g n i f i c a n t l y g r e a t e r s h i f t t h a n any peak i n h e p t a c h l o r o i s o q u i n o l i n e i t s e l f , 
and s e c o n d l y t h e r e a r e two peaks between 1.10 and 120 p.p.m. Only t h e 
p r e d i c t e d s pectrum f o r 1 - s u b s t i t u t i o n has b o t h t h e s e f e a t u r e s , so t h e 
compound may be t e n t a t i v e l y i d e n t i f i e d as h e x a o h l c r o - l - m e t h o x y i s o q u i n o l i n e . 
The p a r t i a l l y a s s i g n e d spectrum would t h e n be as shown below: 
g_ 
c and d Q and f 
54-7 p.p.m. a and b OCH N v 3 
- 1.17 -
E. Genera]. C o n c l u s i o n s 
13 
C n.m.r. s p e c t r a o f c h l o r i n a t e d q u i n o l i n e s and i s o q u i n o i i n e s have 
a l l o w e d some t e n t a t i v e a s s i g n m e n t s o f s t r u c t u r e t o be made, b u t a l l 
c o r r e l a t i o n s between p r e d i c t e d and o b s e r v e d s p e c t r a a r e r a t h e r p o o r , and 
13 
t h e h i g h l y tenuous n a t u r e o f t h e a ssignments makes i t u n l i k e l y t h a t C 
n.m.r. w i l l be a v e r y v a l u a b l e t o o l f o r s t r u c t u r a l measurements i n p e r c h i o r o -
a r o m a t i c compounds. I t i s d e s i r a b l e t h a t s p e c t r a o f a w i d e r range o f 
m a t e r i a l s s h o u l d be o b t a i n e d , and t h a t an i m p r o v e d method f o r c a l c u l a t i n g 
p r e d i c t e d s p e c t r a s h o u l d be d e v i s e d . 
2.1 1 C o n n e c t i o n w i t h O c t a c h l o r o n a p h t h a l e n e 
A. Work on Hexachlorobenzene and P e n t a c h l o r o p y r i d i n e 
The method o f p r e d i c t i n g s p e c t r a o f h i g h l y c h l o r i n a t e d h e t e r o c y c l e s 
from t h e known spectrum o f t h e p a r e n t h e t e r o c y c l e , and from s u b s t i t u e n t 
c h e m i c a l s h i f t s f o r t h e r e p l a c e m e n t o f C-H by C-Cl, has been seen t o have 
s e v e r a l d i f f i c u l t i e s . 
An a l t e r n a t i v e approach i s t o compare t h e known and a s s i g n e d s p e c t r a 
o f h e x a c h l o r o b e n z e n e and p e n t a c h l o r o p y r i d i n e , and so c a l c u l a t e s u b s t i t u e n t 
c h e m i c a l s h i f t s f o r t h e r e p l a c e m e n t o f C-Cl by N, i n h i g h l y c h l o r i n a t e d 
' 207 a r o m a t i c systems, and t h e s e s h i f t s a r e g i v e n below. 
Carbon Atom S h i f t p.p.m. 
Carbon O r t h o 12-9 
Carbon Meta - IfO 
Carbon Para 11<0 
When t h e s e v a l u e s , and t h e known spectrum o f h e x a c h l o r o b e n z e n e , a r e used t o 
c a l c u l a t e t h e s p e c t r a o f t h e t e t r a c h l o r o d i a z i n e s , t h e p r e d i c t e d s p e c t r a 
g e n e r a l l y agree w i t h t h e o b s e r v e d s p e c t r a r a t h e r b e t t e r t h a n do s p e c t r a 
p r e d i c t e d by the o t h e r method. 
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I t may be t h a t c o mparison o f o c t a c h l o r o n a p h t h a l e n e w i t h h e p t a c b l o r c — 
q u i n o l i n e and h e p t a c h l o r o i s o q u i n o l i n e , w i l l a l l o w f u l l e r a s signments o f 
t h e s p e c t r a o f s u b s t i t u t e d c h l o r o q u i n o l i n e s and c h l o r o i s o q u i n o l i n e s t o be 
made. 
B. Comparison between O c t a c h l o r o n a p h t h a l e n e and H e p t a c h l o r o q u i n o l i n e 
13 
The observed C n.m.r. spectrum o f o c t a c h l o r o n a p h t h a l e n e i s g i v e n 
i n T a b l e 4-7. 
TABLE 4-7 
13 
Observed C N.M.R. Chemical S h i f t s f o r O c t a c h l o r o n a p h t h a l e n e 
Peak Shi f t p.p.m. I n t e g r a t i o n 
a 128-9 59 
b 129•6 24 
c 135*2 97 
Peak b can c l e a r l y be a s s i g n e d t o t h e 9 10 c a r b o n atoms because o f i t s 
l o w e r i n t e g r a t i o n , b u t a means o f a s s i g n i n g t h e o t h e r two peaks i s n o t 
i m m e d i a t e l y o b v i o u s . However, t h e r e a r e o n l y two p o s s i b l e a l t e r n a t i v e s 
and, t a k i n g each i n t u r n and u s i n g t h e s u b s t i t u e n t c h e m i c a l s h i f t s f o r t h e 
re p l a c e m e n t o f C-Cl by N g i v e n i n s e c t i o n 2.4.A, two p r e d i c t i o n s o f t h e 
spectrum o f h e p t a c h l o r o q u i n o l i n e may be made. Only when peak a c o r r e s p o n d s 
t o t h e 1-carbon atom i s a r e a s o n a b l e c h e m i c a l s h i f t f o r t h e 2-carbon atom 
o f h e p t a c h l o r o q u i n o l i n e o b t a i n e d , so t h e spectrum o f o c t a c h l o r o n a p h t h a l e n e 
may be c o m p l e t e l y a s s i g n e d as shown below: 
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S i n c e t h e s p e c t r u m o f h e p t a c h l o r o q u i n o l i n e has a l r e a d y been p a r t i a l l y 
a s s i g n e d , and t h e s h i f t p o s i t i o n o f each c a r b o n atom i s known t o w i t h i n 
about 1 p.p.m. } i t i s p o s s i b l e t o c a l c u l a t e s u b s t i t u e n t c h e m i c a l s h i f t s f o r 
t h e r e p l a c e m e n t o f C_Cl i n o c t a c h l o r o n a p h t h a l e n e by N t o g i v e h e p t a c h l o r o -
q u i n o l i n e , and t h e r e s u l t s a r e g i v e n i n T a b l e 4-8. 
TABLE 4-8 
S u b s t i t u e n t Chemical S h i f t s f o r t h e Replacement o f C-Cl 
by N t o Give H e p t a c h l o r o q u i n o l i n e 
5 4 
! c i c i c i c i c i 
2 
N 
8 
Carbon Atom S h i f t p.p.m. 
2 +15'4 
3 -11 
4 +12 
5 +3 
6 - 3 
7 .+ 0-3 
8 - 6-6 
9 -12 
10 + 5 
I t i s n o t i c e a b l e t h a t t h e r e i s q u i t e a l a r g e d i f f e r e n c e between t h e s e 
v a l u e s and t h o s e f o r t h e r e p l a c e m e n t o f C-Cl by N } o b t a i n e d by comparing 
h e x a c h l o r o b e n z e n e and p e n t a c h l o r o p y r i d i n e . 
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C. Comparison between O c t a c h l o r o n a p h t h a l e n e and H e p t a c h l o r o i s o q u i n o l i n e 
I f t h e f u l l y a s s i g n e d spectrum o f o c t a c h l o r o n a p h t h a l e n e i s s i m i l a r l y 
compared w i t h t h e p a r t i a l l y a s s i g n e d spectrum o f h e p t a c h l o r o i s o q u i n o l i n e 
t h e s h i f t s f o r t h e r e p l a c e m e n t o f C-Cl i n o c t a c h l o r o n a p h t h a l e n e by t o 
g i v e h e p t a c h l o r o i s o q u i n o l i n e , may be c a l c u l a t e d , and t h e r e s u l t s a r e g i v e n 
i n T a b l e 4-9. 
TABLE 4-9 
S u b s t i t u e n t Chemical S h i f t s f o r t h e Replacement o f C-C]. 
by N t o Give H e p t a c h l o r o i s o q u i n o l i n e 
Carbon Atom 
1 
3 
4 
6 
7 
8 
9 
10 
S h i f t p.p.in. 
+ 17-3 
+ 11-0 
- 5-4 
- 3 
- 2 
-• 2 
- 3 
+ 4 
+ 10» 1 
A g a i n t h e s e v a l u e s d i f f e r q u i t e c o n s i d e r a b l y from t h o s e f o r t h e 
r e p l a c e m e n t o f C-Cl by N, o b t a i n e d by comparing h e x a c h l o r o b e n z e n e w i t h 
p e . n t a c h l o r o p y r i d i n e , o r by comparing o c t a c h l o r o n a p h t h a l e n e w i t h h e p t a c h l o r o -
q u i n o l i n e . 
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D. S u b s t i t u t e d C h l o r i n a t e d Q u i n o l i n e s and I s o q u i n o l i n e s 
I t i s l i k e l y t h a t t h e s u b s t i t u e n t c h e m i c a l s h i f t s f o r t h e r e p l a c e m e n t 
o f C-Cl by N, g i v e n i n T a b l e s 4-8 and 4-9, w i l l n o t v a r y much i f one o r 
two c h l o r i n e atoms a r e r e p l a c e d by some o t h e r group. Hence, i f mono-
s u b s t i t u t e d ox- d i s u b s t i t u t e d o c t a c h l o r o n a p h t h a l e n e s c o u l d be p r e p a r e d and 
t h e i r s p e c t r a a s s i g n e d , q u i t e a c c u r a t e p r e d i c t i o n s o f t h e s p e c t r a o f the 
c o r r e s p o n d i n g s u b s t i t u t e d q u i n o l i n e s and i s o q u i n o l i n e s c o u l d p r o b a b l y be made. 
T h i s s h o u l d be an a i d i n a s s i g n i n g t h e s p e c t r a o f s u b s t i t u t e d h e p t a c h l o r o -
q u i n o l i n e s and h e p t a c h l o r o i s o q u i n o l i n e s , so i t i s d e s i r a b l e t o c a r r y o u t some 
s u b s t i t u t i o n r e a c t i o n s on o c t a c h l o r o n a p h t h a l e n e . 
3. . S u b s t i t u t i o n R e a c t i o n s o f O c t a c h l o r o n a p h t h a l e n e 
K l i n g s b e r g has remarked t h a t no s i m p l e n u c l e o p h i J . i c s u b s t i t u t i o n 
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r e a c t i o n s o f o c t a c h l o r o n a p h t h a l e n e have been r e p o r t e d , and i t may be 
t h a t t h i s i s because o c t a c h l o r o n a p h t h a l e n e i s r a t h e r i n e r t , l i k e h e x a c h l o r o -
benzene. 
3.1 R e a c t i o n w i t h M e t h o x i d e I o n 
O c t a c h l o r o n a p h t h a l e n e was c o m p l e t e l y u n a f f e c t e d by m e t h o x i d e i o n i n 
met h a n o l , even when t h e c o n d i t i o n s were made as v i g o r o u s as p o s s i b l e , by 
u s i n g h i g h t e m p e r a t u r e s , h i g h p r e s s u r e s , and l o n g r e a c t i o n t i m e s . 
3.2 R e a c t i o n w i t h Amines 
A, R e a c t i o n w i t h D j e t h y l a m i n e i n S u l p h o l a n e 
O c t a c h l o r o n a p h t h a l e n e was a l s o c o m p l e t e l y u n a f f e c t e d by di e t h y l a m . i n e 
i n s u l p h o l a n e as s o l v e n t and u s i n g f a i r l y f o r c i n g c o n d i t i o n s . 
B. R e a c t i o n w i t h Excess D i e t h y l a n i n e 
When o c t a c h l o r o n a p h t h a l e n e was r e f l u x e d f o r a p r o l o n g e d p e r i o d w i t h 
excess d i e t h y l a m i n e t o t r y and persuade n u c l e o j ) h i l i c s u b s t i t u t i o n t o o c c u r , 
r e d u c t i v e d e c h l o r i n a t i o n o c c u r r e d i n s t e a d , and a m i x t u r e o f n o n - f u l l y 
122 
c h l o r i n a t e d n a p h t h a l e n e s was o b t a i n e d . 
l i t NH 
O 
R e f l u x / 1 2 0 h ? 
—- H 
1-3 
T h i s i s a n o t h e r example o f r e d u c t i v e d e c h l o r i n a t i o n c o m p eting s u c c e s s f u l l y 
w i t h s u b s t i t u t i o n , presumably by t h e mechanism d e s c r i b e d e a r l i e r , 
i n v o l v i n g e l e c t r o n t r a n s f e r t o t h e a r o m a t i c system, 
C. R e a c t i o n w i t h t - B u t y l a m i n e 
t - B u t y l a m i n e i s a v e r y s t e r i c a l l y h i n d e r e d m o l e c u l e so i t w o u l d be 
e x p e c t e d , l i k e d i e t h y l a m i n e , t o g i v e r e d u c t i v e d e c h l o r i n a t i o n , and r e a c t i o n 
i s q u i t e l i k e l y t o be r a t h e r slow. T h i s i s i n d e e d so, f o r , when o c t a c h l o r o -
naphthalene.was r e a c t e d w i t h t - b u t y l a m i n e under f a i r l y f o r c i n g c o n d i t i o n s , 
a l o t o f s t a r t i n g m a t e r i a l was r e c o v e r e d , as w e l l as some h e p t a c h l o r o -
n a p h t h a l e n e . 
D. R e a c t i o n w i t h Ammonia 
As ammonia i s t h e s m a l l e s t m o l e c u l e w h i c h may be c l a s s e d as an amine, 
i t i s t h e amine most l i k e l y t o g i v e a s u b s t i t u t i o n r e a c t i o n w i t h o c t a c h l o r o -
n a p h t h a l e n e . I n p r a c t i c e , w h e n ' o c t a c h l o r o n a p h t h a l e n e was r e a c t e d w i t h 
excess ammonia a m i x t u r e o f h e p t a c h l o r o n a p h t h a l e n e and a m i n o h e x a c h l o r o -
' n a p h t h a l e n e was o b t a i n e d , i n d i c a t i n g t h a t r e d u c t i v e d e c h l o r i n a t i o n o c c u r s 
f i r s t and t h a t t h e p r o d u c t undergoes a n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n . . 
NH NH 
C1 61I(NH 2) 
The a m i n o h e x a c h l o r o n a p h t h a l e n e was t h e main component o f t h e m i x t u r e and i t 
was i s o l a t e d , b u t t h e o r i e n t a t i o n o f t h e v a r i o u s groups i s n e t known. 
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3.3 R e a c t i o n w i t h L i t h i u m D i e t h y l a m i d e 
As t h e d i e t h y l a m i d e a n i o n i s such a p o w e r f u l n u c l e o p h i l e i t s h o u l d be 
more l i k e l y t o e f f e c t s u b s t i t u t i o n o f o c t a c h l o r o n a p h t h a l e n e t h a n a l m o s t 
a n y t h i n g e l s e . However } when o c t a c h l o r o n a p h t h a l e n e was r e a c t e d w i t h l i t h i u m 
d i e t h y l a m i d e j a l o t o f d e c o m p o s i t i o n o c c u r r e d and t h e o n l y i d e n t i f i a b l e 
m a t e r i a l o b t a i n e d was unchanged o c t a c h l o r o n c i p h t h a l e n e 5 i n v e r y l ow r e c o v e r y . 
3.4 C o n c l u s i o n 
I t has n o t so f a r been p o s s i b l e t o p r e p a r e any s i m p l e s u b s t i t u t e d 
13 
o c t a c h l o r o n a p h t h a l e n e s f o r C n.m.r. measurements. I t has t h e r e f o r e n o t 
been p o s s i b l e t o use such compounds t o h e l p make assignments o f t h e s p e c t r a 
o f c h l o r i n a t e d q u i n o l i n e s and i s o q u i n o l i n e s . 
- 124 -
CHAPTER V 
P e r f l u o r o - 5 .6 r 7 . 8 - t e t r a h y d r o c m i n o l i n e and - i s o c i u i n o l i n e i -
T)ie Mechanism of T h e i r Formation and Some of T h e i r P r o p e r t i e s 
1. I n t r o d u c t i o n 
1.1 P r e p a r a t i o n of P e r f l u o r o - 5 f 6 . 7 . 8 - t e t r a h y d r o q u i n o l i n e and - i s o q u i n o l i n a 
The r e a c t i o n s of h e p t a c h l o r o q u i n o l i n e ^ ^ and h e p t a c h l o r c i s o q u i n o l i n e " " ^ 
w i t h potassium f l u o r i d e i n an a u t o c l a v e , which a r e the standard syntheses of 
h e p t a f l u o r o q u i n o l i n e and h e p t a f l u o r o i s o q u i n o l i n e , a l s o produce s m a l l amounts 
of more v o l a t i l e products. I n each c a s e , the amount o f more v o l a t i l e 
products may be i n c r e a s e d by r a i s i n g the temperature, and these products may 
be i s o l a t e d and shown to be p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e and 
per f l u o r o - 5 , 6 , 7 , 8 - t e t i a h y d r - j i soqui nol i ne. 
N 
KF 
^ 550°C/i7 h. 
F 
KF 
N 5 0 0°C / 2 2 i h. 
P e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e has a l s o been prepared by f l u o r i n a t i o n 
210 
of h e p t a f l u o r o i s o q u i n o l i n e w i t h c o b a l t t r i f l u o r i d e , o r by r e a c t i o n of 
211 
t e t r a f l u o r o - 4 - n i t r o p y r i d i n e w i t h t e t r a f l u o r o e t h y l e n e . 
1.2 E a r l i e r Work on P o s s i b l e Mechanisms of T h e i r Formation 
The formation of p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e , during the 
a u t o c l a v e f l u o r i n a t i o n of h e p t a c h l o r o q u i n o l i n e , has been q u i t e e x t e n s i v e l y 
209 
i n v e s t i g a t e d , and s i m i l a r r e s u l t s probably apply to the analogous 
i s o q u i n o l i n c r e a c t i o n . The mechanism t e n t a t i v e l y proposed i n v o l v e s the 
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i n i t i a l f l u o r i n a t i o n o f h e p t a c h l o r o q u i n o l i n e to h e p t a f l u o r o q u i n o l i n e , which 
can then r e a c t with c h l o r i n e which i s p r e s e n t i n s m a l l amounts because of 
thermal decomposition o f c h l o r i n a t e d compounds. The c h l o r i n e adds to the 
c a r b o c y c l i c r i n g , g i v i n g a m a t e r i a l which may e i t h e r d e c h l o r i n a t e back to 
h e p t a f l u o r o q u i n o l i n e , or halogen exchange. C h l o r i n a t i o n followed by 
halogen exchange would form the p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o . l i n e which 
i s observed e x p e r i m e n t a l l y . The o v e r a l l r e a c t i o n scheme i s as shown i n 
F i g u r e 5 - 1 , and the evidence i n support of t h i s mechanism may lie summarised 
a s : 
( i ) Autoclave f l u o r i n a t i o n s o f c h l o r i n a t e d compounds produce 
c o n s i d e r a b l e amount of c h l o r i n e . 
( i i ) When c h l o r i n e i s r e a c t e d with h e p t a c h l o r o q u i n o l i n e i n the 
presence of potassium f l u o r i d e , no v o l a t i l e products a r c obtained, 
( i i i ) C h l o r i n e r e a c t s r e a d i l y with h e p t a f l u o r o q u i n o l i n e i n a l i g h t -
induced r a d i c a l p r o c e s s , to g i v e 5 , 6 , 7 , 8 - t e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e . 
( i v ) Reaction of 5 , 6 , 7 , 8 - t e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e w i t h 
potassium f l u o r i d e i n an a u t o c l a v e under p a r t i c u l a r c o n d i t i o n s g i v e s almost 
the same product mixture as from t h e r e a c t i o n of h e p t a c h l o r o q u i n o l i n e w i t h 
potassium f l u o r i d e under the same c o n d i t i o n s . 
20Q 
I t has been suggested t h a t i f 5 , 6 , 7 , 8 - t e t r a c h l o r o h e p t a f I u o r o q u i n o l i n e 
could be converted t o p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o J . i n e by halogen 
exchange i n a s o l v e n t , t h i s would provide a d d i t i o n a l evidence f o r t h i s 
mechanism. I f the formation of p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e i n 
an a u t o c l a v e i n v o l v e s the same mechanism, then i t should be p o s s i b l e to 
prepare 5 , 6 , 7 , 8 - t e t r a c h l o r o h e p t a f l u o r o i s o q u i n o l i n e and convert t h i s t o 
p e r f l u o r o - 5 , 6 , 7 s 8 - t e t r a h y d r o i s o q u i n o l i n e by halogen exchange i n a s o l v e n t . 
FIGURE 5_j. 
Cl C l 
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N 
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N 
C l I C] 
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N / C l KF 
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4 / J: 
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- 127 -
E a r l i e r Work on R e a c t i o n s of P e r f l u o r o - g 6 f 7 , 8-tetraJiydrofiuinol i n e 
N u c l e o p h i l i c s u b s t i t u t i o n i s the r e a c t i o n which has been most s t u d i e d , 
and t h i s i s o f some t h e o r e t i c a l i n t e r e s t because the s u b s t r a t e may be 
regarded as a d i a l k y l p y r i d i n e , and th e o r i e n t a t i o n of s u b s t i t u t i o n might 
be i n f l u e n c e d by t h i s , 
212 
I t has been found, t h a t the 2 - and 4 - p o s i t i o n s a r e o f s i m i l a r 
r e a c t i v i t y f o r , when r e a c t e d with one e q u i v a l e n t of methoxide ion, both 2 -
and ^ - s u b s t i t u t e d systems a re obtained. OMe 
MeO/MeOH F F 
15 OMe N N 
A s i m i l a r r e a c t i o n has born obtained with ammonia and. with methoxide i o n 
d j . s u b s t i t u t i o n i s r e a d i l y achieved,. 
CMe 
F 
2MeO /MeOH F F 
N 
2. M e c h a n i s t i c I n v e s t i g a t i o n s 
2.1 F l u o r i n a t i o n s of 5 . 6 . 7 . 8 - T e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e and - i s o q u i n o l i n e 
A. P r e p a r a t i o n o f S t a r t i n g M a t e r i a l s 
( i ) 5 ? 6 . 7 . 8 - T e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e . T h i s was prepared by 
213 
the method used e a r l i e r , which was the r e a c t i o n between c h l o r i n e gas and 
h e p t a f l u o r o q u i n o l i n e , under the i n f l u e n c e of u l t r a - v i o l e t l i g h t . . C l F 
C l _ / u. v. 
48 h. F IX. 
C l N 
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( i i ) 5 .6 . 7 . 8 - T e t r a c h l o r o h e p t a f l u o r o i s o q u i n o I i n e . Reaction between 
c h l o r i n e gas and h e p t a f l u o r o i s o q u i n o l i n e j under the same c o n d i t i o n s as those 
used f o r the p r e p a r a t i o n of 5 , 6 , 7 , 8 - t e t r a c h I o r o h e p t a f l . u o r o q u i n o l i n e . gave 
only p a r t i a l r e a c t i o i i j and a l o t of s t a r t i n g m a t e r i a l was recovered. 
However } i t was p o s s i b l e to o b t a i n pure 5 , 6 , 7 , 8 - t e t r a c h l o r o h e p t a f l u o r o -
i s o q u i n o l i n e by more prolonged i r r a d i a t i o n ^ folloA*ed by vacuum t r a n s f e r . 
C l F 
V 
C l / u. v C l F F F 9b h. N C l 
F C l 
I t i s not at a l l c l e a r why the c a r b o c y c l i c r i n g of i s o q u i n o l i n e should be 
l e s s s u s c e p t i b l e to r a d i c a l a d d i t i o n than the c a r b o c y r l i c " i n g of q u i n o l i n e , 
B. F l u o r i n a t i o n a t Atmospheric P r e s s u r e 
( i ) 5 ,6 f 7 f 8 - T e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e . Dry caesium f l u o r i d e was 
used as t h e r e a g e n t } s i n c e the r e a c t i o n was only c a r r i e d out on a s m a l l 
s c a l e and t h i s i s the most a c t i v e reagent a v a i l a b l e . I n i t i a l l y s ulpholaue 
was used as the s o l v e n t } but t h i s was not a s u c c e s s f u l method because the 
product and s o l v e n t had s i m i l a r v o l a t i l i t i e s and s e p a r a t i o n was very 
d i f f i c u l t . 
Now caesium f l u o r i d e i s not very s o l u b l e i n sulpholane, and i t .is 
b e l i e v e d t h a t r e a c t i o n o c c u r s on the s u r f a c e of the s o l i d 3 where the 
sulpholane s o l v a t e s the caesium i o n s } l e a v i n g the f l u o r i d e i o n s r e l a t i v e l y 
f r e e and r e a c t i v e . I f t h i s i s so, caesium f l u o r i d e impregnated w i t h a 
l i t t l e sulpholane should be a u s e f u l f l u o r i n a t i n g agent, and i t was t r i e d here. 
R e a c t i o n between the l i q u i d 5 , 6 , 7 , 8.-tetrachloroheptaf l u o r o q u i n o l i n e and 
sulpholane doped caesium f l u o r i d e gave a mixture which the mass spectrum 
showed was-a mixture of p a r t i a l l y and f u l l y f l u o r i n a t e d compounds. 
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C l 
F / s u l p h o l a C l ne F C l 16CTC/24 h. 
F N 
C l 
l e s s f u l l y 
f l u o r i n a t e d 
m a t e r i a l s 
From t h i s mixture i t was p o s s i b l e to se p a r a t e p e : r f l u o r o - 5 . 6 , 7 , 8 - t e t r a h y d r o -
q u i n o l i n e , so t h i s experiment has a l s o demonstrated the f e a s i b i l i t y o f u s i n g 
sulpholane doped caesium f l u o r i d e as a f l u o r i n a t i n g reagent, 
( i i ) 5 f 6 f 7 , 8 - T e t r a c h l o r o h e p t a f l u o r o i s o q u i n o l i n e . F l u o r i n a t i o n of t h i s 
l i q u i d compound was a l s o attempted by s t i r r i n g with sulpholane doped 
caesium f l u o r i d e and, as i n the case of the q u i n o l i n e r i n g system, a 
mixture o f p a r t i a l l y and f u l l y f l u o r i n a t e d compounds was produced. 
C l F 
F 
C s F / s u l p h o l C l ane C l 
l60"C/24 h. N N 
C l 
l e s s f u l l y 
f l u o r i n a t e d . 
m a t e r i a l s 
S e p a r a t i o n of a sample of p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e was 
achieved by p r e p a r a t i v e s c a l e vapour phase chromatography. 
C. Conclus i o n s 
The conversion of 5 , 6 , 7 , 8-tetro.chloroheptafluoroquinoline to p e r f l u o r o -
5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e , by halogen exchange i n a s o l v e n t , p r o v i d e s 
f u r t h e r evidence f o r the proposed mechanism of the formation o f the l a t t e r 
during a u t o c l a v e f l u o r i n a t i o n s o f h e p t a c h l o r o q u i n o l i h e . The p r e p a r a t i o n o f 
5 , 6 , 7 , 8 - t e t r a c h l o r o h e p t a f l u o r o i s o q u i n o l i n e , and i t s c o n v e r s i o n to perfluo.ro~ 
5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e , suggest t h a t a s i m i l a r mechanism may apply 
to the i s o q u i n o l i n e r i n g system. 
However, i t i s not immediately c l e a r why these halogen exchange r e a c t i o n 
3 occur a t a l l , f o r simple S 2 displacement of c h l o r i n e by f l u o r i n e a t an sp 
h y b r i d i s e d carbon i s d i f f i c u l t . I t i s p o s s i b l e t h a t r e a c t i o n o c c u r s v i a 
a t t a c k i n the heteroaromatic r i n g , a s i s shown below f o r the case of 
q u i n o l i n e . 
C l F 
F C l 
- C l " ci 
C l 
F 
F C l 
F 
N 
F r 
R e a r o m a t i s a t i o n may then occur by a t t a c k a t the 5 - p o s i t i o n . 
F F 
C l 
F C l 
F 
A l t e r n a t i v e l y , replacement o f a l l the c h l o r i n e atoms may be achi e v e d by 
m i g r a t i o n of the double bond around the c a r b o c y c l i c r i n g , a s i s shown i n 
F i g u r e 5-2. The i n i t i a l a t t a c k i n the h e t e r o c y c l i c r i n g c o u l d occur i n 
another p o s i t i o n and. i t i s c l e a r t h a t , by t h i s k i n d o f p r o c e s s , a l l the 
c h l o r i n e atoms can be r e p l a c e d by f l u o r i n e , w i t h only aromatic and v i n y l i c 
a t t a c k o c c u r r i n g . A s i m i l a r mechanism i s o b v i o u s l y p o s s i b l e f o r the 
i s o q u i n o l i n e . r i n g system and such a mechanism has been proposed f o r the 
easy p r e p a r a t i o n of o c t a f l u o r o c y c l o p e n t e n e froir o c t a c h l o r o c y c l o p e n t e n e by 
halogen exchange i n a s o l v e n t . 2 1 ' 1 
KF/200°C 
N-me thy1 - 2-pyrro1idone 
I f t h i s i s the mechanism f o r the c o n v e r s i o n s of 5 . 6 , 7 $ 8 - t e t r a c h l o r o -
h e p t a f l u o r o q u i n o l i n e and --isoquinoline to p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e 
131 -
FIGURE 5-2 
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and - i s o q u i n o l i n e , then a molecule l i k e 1 , 2 , 3 , 4 , 5 , 6-hexachlorohexafluoro-
cyclohexane should be completely u n a f f e c t e d by the same f l u o r i n a t i n g agent, 
2.2 F l u o r i n a t i o n of 1 , 2 3 . 4 . 5 , 6-Hexachlorohexafluorocyclohexane 
A. P r e p a r a t i o n 
T h i s compound was prepared by r e a c t i o n between c h l o r i n e gas and 
hexafluorobenzene, under the i n f l u e n c e of u l t r a - v i o l e t l i g h t , a s d e s c r i b e d 
i n the l i t e r a t u r e . " 
F C l 
C l 
f C l o / U •. V C l C l 48 h. 
C l F 
C] F 
B„ Reaction with Sulpholane Doped Caesium Fluoiri.de 
R e a c t i o n of 1,2,3, k > 5 ,6-hexac.hlorohexaf luorocyclohexane with 
suipholane doped caesium f l u o r i d e under the same c o n d i t i o n s as those 
needed f o r the f l u o r i n a t i o n of 5 , 6 , 7 , 8 - t e t r a c h . l o r o h e p t a f l u o r o q u i n o l i n e and 
- i s o q u i n o l i n e gave no r e a c t i o n . 
F C l 
C l 
F 
C l 
< 
F 
C l 
P ^ ^ - ^ C l 
C l F 
C s F / s u l pholane. 
l60°C/24 h. 
No r e a c t i o n 
T h i s p r o v i d e s f u r t h e r evidence t h a t the f l u o r i n a t i o n s of the q u i n o l i n e and 
i s o q u i n o l i n e compounds proceed by a mechanism, such as t h a t g i v e n above, 
which does not i n v o l v e s i n g l e S 3 displacement. 
N 
3. Reacti o n s of Per f l u o r o - 5 . 6 f 7 . 8 - t e t r a h y d r o i s o q u i n o l i n e 
3.1 F l u o r i n a t i o n with Cobalt T r i f l u o r i d e 
As mentioned b e f o r e , p e r f l u o r o - 5 , 6 7 , 8 - t e t r a h y d r o i s c q u i n o l i i i e can be 
obtained from h e p t a f l u o r o i s o q u i n o l i n e by f l u o r i n a t i o n with c o b a l t t r i f l u o r i d e , 
so f u r t h e r r e a c t i o n w i t h t h i s reagent was attempted with the hope o f 
p a r t i a l l y or f u l l y s a t u r a t i n g the h e t e r o c y c l i c r i n g , without r i n g opening. 
The m a t e r i a l i s o l a t e d was a seven component mixture and i t s s e p a r a t i o n was 
not attempted. Combined gas chromatography-mass spectroscopy, suggested t h a t 
a l o t of ring-opening and n i t r o g e n l o s s was o c c u r r i n g . 
CoF 3 ^ 
120°C 
CF. 
i 
.CF 
••CJT. 
CF, 
other 
products 
CF 
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3.2 Rea c t i o n s with Methoxide Ion 
A. One E q u i v a l e n t of Methoxide Ion 
P e r f l u o r o - 5 , 6 , 7 , 8 ~ t e t r a h y d r o i s o q u i n o l i n e r e a c t e d with one e q u i v a l e n t 
of methoxide i o n to g i v e a s i n g l e monosubstituted product. The 
o r i e n t a t i o n of s u b s t i t u t i o n i n t h i s c a s e , and a l l o t h e r s , was deduced from 
the F n.m.r. spectrum ( s e e s e c t i o n 5 of t h i s chapter, below) and t h i s 
product was shown to be 3-methoxyperfluoro - 5 , 6 , 7 , 8-tetrahydroisoquinoline. 
MeO"*/MeOH 
20°C/2 h. 
OMe 
B. Two E q u i v a l e n t s of Methoxide I o n 
I t was p o s s i b l e to r e a d i l y a c h i e v e d i s u b s t i t u t i o n f-.' per.fluoro -5,6, 7,8 
t e t r a h y d r o i s o q u i n o l i n e by methoxide i on, and 1 3™&iu f-tboxyperfluoro-5,6,7,S 
t e t r a h y d r o i s o q u i n o l i n e was obtained alone. 
F 
2MeO"/MeOH -> 
Reflux/18 h. 
OMe 
3.3 R e a c t i o n with Diethylamine 
P e r f l u o r o - 5 , 6 , 7 , 8 - t e t i a h y d r o i s o q u i n o i i n e r e a c t e d w i t h one e q u i v a l e n t 
o f d i e t h y l a m i n e i n a l c o h o l i c s o l u t i o n and gave a s i n g l e product, which was 
3-diethylaniinope.rfluoro-5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e . 
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3.4 Reaction with Hexafluoropropene i n the Presence of F l u o r i d e I o n 
When caesium f l u o r i d e and p e r f l u o r o - 5 , 6 , 7 . 8 - t e t r a h y d r o i s o q u i n o l i n e 
i n sulpholane were s t i r r e d under an atmosphere o f hexafluoropropene, the 
182 183 
expected p o l y f l u o r o a l k y i a t i o n r e a c t i o n ' o c c u r r e d and p e r f l u o r o - 5 , 6 , 7 , 8 -
tetrahydro - 1 . , 3-bi s i sopropyl i s o q u i n o l i n e was produced. 
C F / C s F / s u l p h o l a n e 
3 o ; _> 
20°C/2t h. 
3.5 R e a c t i o n s w i t h Hydrazine 
Hydrazine d e r i v a t i v e s of h i g h l y halogenated aromatic systems a r e not 
normally v e r y s t a b l e , but they a r e v a l u a b l e i n t e r m e d i a t e s f o r the 
p r e p a r a t i o n of the corresponding hydro and bromo compounds. Thus aqueous 
216 217 
copper s u l p h a t e r e p l a c e s the hydrazino group by hydrogen, > and c u p r i c 
218 
bromide and hydrobromic a c i d r e p l a c e the h y d r a z i n e group by bromine. 
I t was hoped t h a t r e a c t i o n of p e r f ] uoro - 5 , 6 , 7 , 8-tet.rahydroisoquinoline w i t h 
hydrazine, followed by c u p r i c brdmide, would a l l o w a bromo d e r i v a t i v e to be 
obtained, from which a s t a b l e o r g a n o l i t h i u m could p o s s i b l y be prepared. 
I n p r a c t i c e i t was found t h a t the hydrazino d e r i v a t i v e o f p e r f l u o r o -
5,6, 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e was more than u s u a l l y u n s t a b l e and darkened 
as soon as i t was formed, so t h a t no pure products c o u l d be obtained. By 
treatment with c u p r i c bromide and c u p r i c s u l p h a t e , r e s p e c t i v e l y , i t was 
p o s s i b l e to o b t a i n samples of a bromo and a hydro d e r i v a t i v e i n v e r y low y i e l d . 
19 
The F n.m.r. spectrum of the bromo d e r i v a t i v e i n d i c a t e d t h a t i t was 
monosubstituted i n the 3 - p c s i t i o n , % 
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NH NI L • H 0 
1* I > 
0°C 
CuBr 
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CuSO, 
3. 6 R a t i o n a l i s a t i o n of O r i e n t a t i o n 
I t i s apparent t h a t n u c l e o p h i l i c s u b s t i t u t i o n of perfluoro - 5 , 6 , 7 , 8 - -
t e t r a h y d r o i s o q u i n o l i n e i s most favoured i n the 3 - p o s i t i o n followed by the 
1-position, which i s not the c h a r a c t e r i s t i c o r i e n t a t i o n i n i s o q u i n o l i n e 
systems, where the 1 - p o s i t i o n i s the most r e a c t i v e by a l a r g e amount. I n 
f a c t , i t i s m e c h a n i s t i c a l l y unreasonable to regard the s u b s t r a t e a s an 
i s o q u i n o l i n e , and i t i s more probable t h a t i t should be thought of as a 
dialley1 s u b s t i t u t e d p y r i d i n e . The n i t r o g e n atom of a p y r i d i n e r i n g d i r e c t s 
s u b s t i t u t i o n t o t h e p o s i t i o n s ortho and para to t h e n i t r o g e n atom, but i n 
t h i s case the p a r a p o s i t i o n i s blocked by a p e r f l u o r o c y c l o a l k y l fragment so 
s u b s t i t u t i o n would be expected to occur a t the p o s i t i o n s ortho to the r i n g 
n i t r o g e n atom. T h i s i s what does occur, but the i n f l u e n c e of the r i n g 
n i t r o g e n atom does not e x p l a i n why s u b s t i t u t i o n i s more favoured i n the 
3 - p o s i t i o n than i n the 1-position. 
The d i r e c t i n g i n f l u e n c e of the f l u o r i n e atoms would tend to favour 
3 - s u b s t i t u t i o n , because t h e r e i s one f l u o r i n e atom ortho and one meta to the 
po i n t of s u b s t i t u t i o n , whereas th e r e i s one f l u o r i n e atom p a r a and one meta 
to the 1-position, and i t i s b e l i e v e d t h a t ortho f l u o r i n e atoms are more 
116 
a c t i v a t i n g than p a r a f l u o r i n e atoms. 
F k F 
^3 
Tv. 
• Nuc 
Nuc 
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S t e r i c e f f e c t s would a l s o favour s u b s t i t u t i o n i n the 3 - p c s i t i o n , so 
together with the e f f e c t of the f l u o r i n e atoms they e x p l a i n why s u b s t i t u t i o n 
i s p r e f e r r e d at the 3 - p o s i t i o n . I t i s not c l e a r what e f f e c t the 
p e r f l u o r o c y c l o a l k y l fragments would have upon o r i e n t a t i o n , but i t i s not 
expected to be l a r g e enough to d i r e c t s u b s t i t u t i o n away from the 3 - p o s i t i o n , 
and t h i s i s not observed e x p e r i m e n t a l l y . 
4. R e a c t i o n s of P e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e 
T r e a t i n g t h i s compound, too, as a d i a l l c y l s u b s t i t u t e d p y r i d i n e , the 
p o s i t i o n s which are a c t i v a t e d to n u c j e o p h i l i c a t t a c k by the r i n g n i t r o g e n 
atom are the 2- and 4 - p o s i t i o n s . 
When s u b s t i t u t i o n occurs i n e i t h e r p o s i t i o n t h e r e i s one f l u o r i n e atom 
ortho, and one meta, to the p o i n t of s u b s t i t u t i o n , so the Cluorine atoms a r e 
not l i k e l y to d i r e c t nucleophile-s p r e f e r e n t i a l l y to one of t h e s e p o s i t i o n s . 
As i n the c a s e of the i s o q u i n o l i n e analogue, the o r i e n t i n g i n f l u e n c e of 
the p e r f l u o r o c y c l o a l k y l fragments i s u n c l e a r , but s t e r i c e f f e c t s would 
c l e a r l y cause 2 - s u b s t i t u t i o n to be favoured over 4 - p o s i t i o n . 
As d e s c r i b e d i n s e c t i o n 1.3j s u b s t i t u t i o n of perfluo.ro-5, 6 , 7 , 8-tetra-
hydroquinoline by s imple n u c l e o p h i l e s occurs i n both 2- and 4 - p o s i t i o n s a t 
a s i m i l a r r a t e . T h i s in c o n s i s t e n t w i t h the above p r e d i c t i o n s , and shows 
t h a t the combination of o r i e n t i n g f a c t o r s a r i s i n g from the p e r f l u o r c c y c l o -
a l k y l fragments and s t e r i c e f f e c t s , i s not very l a r g e . 
A r e a c t i o n of p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e w i t h h e x a f l u o r o -
propene i n the presence of f l u o r i d e ion was attempted, and p e r f l u o r o -
5 , 6 , 7 , 8-totrahydro - - 2 5 4 - b i s i s o p r o p y l q u i n o l i n e was produced. 
CF CF 
3 \ CF A F 
I A J 'CsF/ u.Ltjholane J i V v. -v. 
CF 
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5- 1 9 F N.M.». S p e c t r a 
5.1 S p e c t r a of P e r f l u o r o - 5 . 6 . 7 . 8 - t e t r a h y d r o q u i n o l i n e and - i s o q u i n o l i n e 
Table 5-1 shows the spectrum o f p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e , 
219 
which has a l r e a d y been measured and p a r t i a l l y a s s i g n e d . 
Table 5-2 shows the spectrum of p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o -
q u i n o l i n e ) which has a l s o a l r e a d y been measured and p a r t i a l l y a s s i g n e d 207 
19 
TABLE 5-j, 
F N. M. R. Spectrum of P e r f l u o r o - 5 p 6 7 , 8 - t e t r a h y d r o q u i n o l i n e 
S h i f t p.p.m. Assignment 
72-9 
108-8 
113*1 
118*2 
136*2 
137-0 
155-8 
2 
CF 
2 
CF 
2 
4 . 
CF 
2 
CF 
TABLE 5-2 
F N.M.U. Spectrum o f P e r f luoro - 5 , 6 . 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e 
S h i f t p.p.in. 
65-2 
77-4 
about 110 
134-0 
144-6 
Assignment 
1 
3 
CF 5 and 8 
lit 
C F 2 6 and 7 
5.2 S33ectra o f S u b s t i t u t e d P e r f l u o r o - 5 , 6 7 . 8-t.etrahydroisoquinolines 
A. Simple S u b s t i t u e n t s 
G e n e r a l l y the replacement of one or two f l u o r i n e atoms by some other 
group did not g r e a t l y a l t e r the chemical s h i f t s of the remaining r i n g 
f l u o r i n e atoms, so the p o s i t i o n s of the s u b s t i t u e n t s c o u l d be i d e n t i f i e d by 
comparing the observed spectrum with t h e known spectrum of the parent 
p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e . 
( i ) Monosubstitution. Monosubstitution was shown to be a t the 3-
p o s i t i o n because the monosubstituted products had no peaks i n the reg i o n of 
77 p.p.m., whereas t h e r e were peaks a t about 65 p.p.m. and 145 p.p.m.. 
corresponding to the 1- and 4 - f l u o r i n e atoms, r e s p e c t i v e l y . 
Coupling between the 1- and 4 - f l u o r i n e atoms was about 30 Hz. , between 
4- and 5- i t was about 20 Hz,. and between 1- and 8- i t was a l s o about 20 H-
so t h a t the 1- and 4 - f l u o r i n e atoms g e n e r a l l y appeared as doublets of i r i p l 
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Coupling between f l u o r i n e atoms i n the c a r b o c y c l i c r i n g was small and 
unresolved, so t h a t the 5- and 8 - f l u o r i n e atoms appeared as doublets of 
broad peaks, and the 6- and 7 - f l u o r i n e atoms appeared as a broad s i n g l e t . 
( i i ) P i s u b s t i t u t i o n . D j s u b s t i t u t i o n was shown to be a t the 1- and 
3 - p o s i t i o n s because the d i s u b s t i t u t e d compounds had no peaks with a chemical 
s h i f t of l e s s than 100 p.p.m., w h i l e the 4 - f l u o r i r i e atom, w i t h a s h i f t of 
about 145 p.p.m., could be seen. 
Coupling between the 4- and 5 - f l u o r i n e atoms was again about 20 Hz., 
and again coupling around the c a r b o c y c l i c r i n g was s m a l l and unre s o l v e d . 
T h e r e f o r e , the 4 - f l u o r i n e atom appeared a s a t r i p l e t , the 5 - f l u o r i n e atoms 
as a doublet of broad peaks, the 6- and 7 - f l u o r i n e atoms as a broad s i n g l e t , 
and the 8 - f l u o r i n e atoms as a broad s i n g l e t . 
B. S u b s t i t u t i o n by Hep t a f l u o r o i s o p r o p y l Groups 
The spectrum o f A t h e d i s u b s t i t u t e d compound i s c o n s i s t e n t with 
s u b s t i t u t i o n having o c c u r r e d i n the 1- and 3 - p o s i t i o n s , and w i t h the 4-
f l u o r i n e atom having a much lower chemical s h i f t than i n the parent compound, 
The f l u o r i n e atoms o f the t r i f l u o r o m e t h y l groups appear as sharp 
s i n g l e t s , i n d i c a t i n g t h a t the i s o p r o p y l groups a r e not a t a l l f r e e t o 
* 
r o t a t e and t h a t the molecule e x i s t s i n the p r e f e r r e d conformation shown 
below. 
CF 
CF F N 
F 
I CF F 
CF 
Coupling i n the c a r b o c y c l i c r i n g i s sm a l l and u n r e s o l v e d , so t h a t the 6- and 
7 - f l u o r i n e atoms appear a s a broad s i n g l e t , w h i l e the t e r t i a r y f l u o r i n e i n 
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t h e 1 - p o s i t i o n c o u p l e s w i t h t h e 8 - f l u o r i n e atoms by 76 Hz. } so t h a t t h e 
f o r m e r i s a t r i p l e t and t h e l a t t e r i s a d o u b l e t o f b r o a d peaks. The 
t e r t i a r y f l u o r i n e i n t h e 3 - p o s i t i o n c o u p l e s w i t h t h e 4 - f l u o r i n e atom, 
making i t a d o u b l e t , and t h e 5 - f l u o r i n e atoms a l s o appear as a d o u b l e t o f 
b r o a d peaks because o f c o u p l i n g t o t h e 4 - f l u o r . i n e atom. The 4 - f l u o r i n e 
atom, which c o u p l e s w i t h t h e 5 - f l u o r i n e atoms and t h e t e r t i a r y f l u o r i n e 
i n t h e 3 - p o s i t i o n , i s a d o u b l e t o f t r i p l e t s . T h e r e seem t o be some 
second o r d e r c o m p l e x i t i e s a s s o c i a t e d w i t h t h e 5 - f l u o r i n e atoms. 
5•3 Spectrum o f P e r f l u o r o - 5 , 6 , 7 , 8 - - t e t r a h y d r o - 2 , 4 - b i s i s o p r o p y l q u i n c l i n e 
The s pectrum o f t h i s d i s u b s t i t u t e d compound i s c o n s i s t e n t w i t h t h e 
assignment o f t h e two h e p t a f l u o r o i s o p r o p y l groups t o t h e 2- and 4 - p o s i t i o n s . 
A g a i n , t h e r e i s o n l y s m a l l c o u p l i n g around t h e c a r b o c y c i i c r i n g w h i c h i s 
u n r e s o l v e d , b u t t h e t r i f l u o r o m e t h y l resonances show some c o m p l e x i t i e s 
i n d i c a t i n g t h a t t h e r e i s some h i n d e r e d r o t a t i o n o f t h e h e p t a f l u o r o i s o -
p r o p y l g r o u p s 5 b u t t h a t t h e most f a v o u r e d o r i e n t a t i o n i s as shown below. 
1 J F CF 
F 
F 
N 
*CF CF 
The t e r t i a r y f l u o r i n e atom i n t h e 4 - p o s i t i o n c o u p l e s w i t h t h e 5 - f l u o r i n e 
atoms, so t h a t t h e l a t t e r appear as a d o u b l e t o f b r o a d peaks. The t e r t i a r y 
f l u o r i n e atom i n t h e 2 - p o s i t i o n c o u p l e s w i t h t h e 3 - f l u o r i n e atom, b u t 
o v e r l a p s w i t h t h e o t h e r t e r t i a r y f l u o r i n e atom, so t h a t o n l y t h r e e r a t h e r 
b r o a d peaks are seen i n t h e t e r t i a r y r e g i o n o f t h e s p e c t r u m . The 3 - f l u o r i n e 
atom appears as an u n r e s o l v e d complex peak w i t h a much s m a l l e r c h e m i c a l s h i f t 
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t h a n i n t h e p a r e n t p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o I i n 8 . The 6- , 7- and 
8 - c a r b o c y c l i c f l u o r i n e atoms a l l apear as b r o a d , u n r e s o l v e d s i n g l e t s . 
EXPERIMENTAL 
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CHAPTER V I 
E x p e r i m e n t a l Work 
1. General 
1.1 Chemicals 
H e p t a c h l o r o q u i n o l i n e , h e p t a c h l o r o i s o q u i n o l i n e , h e p t a f l u o r o q u i n o l i n e and 
20 
h e p t a f l u o r o i s o q u i n o l i n e were s y n t h e s i s e d by t h e u s u a l p r o c e d u r e s . A 
s m a l l sample o f Q - c h l o r o a c r i d i n e was o b t a i n e d f r o m Phase S e p a r a t i o n s L t d . 
w h i l e 9-acridanone and 7 , 8 - b e n z o q u i n o l i n e were purchased from A l d r i c h 
Chemical Company I n c . H e x a f l u o r o p r o p e n e was o b t a i n e d from P e n i n s u l a r 
Chemical Research I n c . , and h e x a f l u o r o b e n z e n e from B r i s t o l O r g a n i c s L t d . 
O c t a c h l o r o n a p h t h a l e n e was donated by I . C . I . L t d . 
n - B u t y l l i t h i u m was s u p p l i e d a s ( t h e o r e t i c a l l y a P-2M s o l u t i o n i n 
n-hexane and i t was s t o r e d under an atmosphe3-e o f d r y n i t r o g e n . I t was 
s t a n d a r d i s e d by t h e p r o c e d u r e d e s c r i b e d i n C h a p t e r I I I and s e c t i o n 3-4. o f 
t h i s c h a p t e r . 
P o t a s s i u m f l u o r i d e was d r i e d by h e a t i n g i n t h e a i r , g r i n d i n g and t h e n 
h e a t i n g under vacuum. I t was s t o r e d under an atmosphere o f d r y n i t r o g e n . 
Caesium f l u o r i d e was d r i e d by slo'wly warming under vacuum and p e r i o d i c a l l y 
g r i n d i n g i n a n i t r o g e n g l o v e bag. I t , t o o , was s t o r e d under an atmosphere 
o f d r y n i t r o g e n . 
1.2 S o l v e n t s 
S u l p h o l a n e was p u r i f i e d by c o l l e c t i n g t h e m i d d l e f r a c t i o n i n a vacuum 
d i s t i l l a t i o n . I t was s t o r e d above room t e m p e r a t u r e , under an atmosphere 
o f d r y n i t r o g e n , and o v e r t y p e 4A m o l e c u l a r s i e v e . 
C h l o r o f o r m was d r i e d by r e f l u x i n g w i t h phosphorus p e n t o x i d e under d r y 
n i t r o g e n and t h e n d i s t i l l i n g o n t o t y p e 4A m o l e c u l a r s i e v e ; i t was s t o r e d 
o v e r t h i s s i e v e ."nd under an atmosphere o f d r y n i t r o g e n . 
Methanol was d r i e d by r e a c t i o n o f one l i t r e w i t h lOg. magnesium 
f o l l o w e d by d i s t i l l a t i o n ; i t t o o was s t o r e d under an atmosphere o f d r y 
n i t r o g e n gas. 
1.3 I n s t r u m e n t s 
I n f r a - r e d s p e c t r a were r e c o r d e d on a Grubb-Parsons ' S p e c t r o m a s t e r 1 
o r a P e r k i n - E l m e r 457 s p e c t r o p h o t o m e t e r . The samples were p r e p a r e d as 
d i s c s w i t h p o t a s s i u m bromide o r , f o r l i q u i d s o r low m e l t i n g s o l i d s , as a 
c o n t a c t f i l m between p o t a s s i u m bromide p l a t e s . 
U l t r a - v i o l e t s p e c t r a were r e c o r d e d on Pye-Uriicam SP800 o r SP8000 
s p e c t r o p h o t o m e t e r s . 
Mass s p e c t r a were r e c o r d e d on an A.E.I. MS9 Spe c t r o m e t e r o r on a V.G. 
Micromass 12B, f i t t e d w i t h a Pye 104 gas chromatcgrapJ-- and q u o t e d m o l e c u l a r 
w e i g h t s a r e fr o m mass s p e c t r o s c o p i c measurements, as a r e t h e number o f 
c h l o r i n e atoms i n t h e m o l e c u l e . 
A n a l y t i c a l gas phase chromatography was c a r r i e d o u t on a G r i f f i n and 
George D6 Gas D e n s i t y Balance. P r e p a r a t i v e s c a l e gas phase chromatography 
was a c h i e v e d on a V a r i a n 'Aerograph'. For a l l gas phase chromatography 
measurements t h e column used was o f s i l i c o n e e l a s t o m e r on C e l i . t e , w h i c h i s 
known as Column '0'. 
T h i n l a y e r chromatographs were r e c o r d e d on t h i n g l a s s p l a t e s c o a t e d 
w i t h an even l a y e r o f s i l i c a ( S i l i c gel/CT, Reeve Angel S c i e n t i f i c L t d . ) , 
c o n t a i n i n g a f l u o r e s c i n g agent. The p o s i t i o n o f compounds on t h e p l a t e 
was r e v e a l e d by t h e way t h e y quenched t h e f l u o r e s c e n c e n o r m a l l y e x c i t e d by 
u l t r a - v i o l e t l i g h t . 
P r o t o n and f l u o r i n e n u c l e a r m a g n e t i c resonance s p e c t r a were r e c o r d e d on 
a V a r i a n 56/GOD s p e c t r o m e t e r a t t h e ambient p r o b e t e m p e r a t u r e (40°C). For 
p r o t o n s , T.M.S. was used as e x t e r n a l s t a n d a r d and d o w n f i e l d s h i f t s a r e 
r e c o r d e d as p o s i t i v e . For f l u o r i n e , f l u o r o t r i c h l o r o i : : e t h a n e was used as 
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e x t e r n a l s t a n d a r d , and u p f i e l d s h i f t s a r e r e c o r d e d as p o s i t i v e . Carbon-13 
s p e c t r a o f n a t u r a l abundance samples were r e c o r d e d on a B r u k e r IIX90 w i t h 
F o u r i e r T r a n s f o r m f a c i l i t y . N a t u r a l abundance T.M.S. was used as r e f e r e n c e 
and a l l s h i f t s a r e d o w n f i e l d . 
1 .4 A n a l y s e s 
Carbon, h y d r o g e n and n i t r o g e n a n a l y s e s were c a r r i e d o u t on a P e r k i n -
Elmer 240 E l e m e n t a l A n a l y s e r . A n a l y s i s f o r h a l o g e n was a s l i g h t l y m o d i f i e d 
• 220 
v e r s i o n o f t h e method d e s c r i b e d i n t h e l i t e r a t u r e . S u l p h u r a n a l y s e s 
221 
were a c h i e v e d by a m o d i f i e d form o f t h e oxygen f l a s k c o m b u s t i o n method. 
M e l t i n g p o i n t s and b o i l i n g p o i n t s were d e t e r m i n e d a t a t m o s p h e r i c 
p r e s s u r e and a r e u n c o r r e c t e d . B o i l i n g p o i n t s were measured by t h e S i w o l o b o f f 
method. 
2. E x p e r i m e n t a l f o r C h a p t e r I I - Syntheses o f Some P e r c h l o r o h e t e r o c y c 1 i c 
Compounds C o n t a i n i n g N i t r o g e n 
2.1 P r e p a r a t i o n o f S t a r t i n g M a t e r i a l s 
A. 9 - C h l o r o a c r i d i n e 
( i ) C o n v e r s i o n o f 9-Acridanone t o 9 - C h l o r o a c r i d i n e . 9-Acridanone 
( 6 0 g . , 308 mmole), p h o s p h o r y l c h l o r i d e (300g., 180 m l . , 1954 mmcle) and 
c o n c e n t r a t e d s u l p h u r i c a c i d (5 ml.) were r e f l u x e d t o g e t h e r f o r 4 h. Excess 
p h o s p h o r y l c h l o r i d e was t h e n removed by d i s t i l l a t i o n under r e d u c e d p r e s s u r e 
and t h e r e s i d u e added t o a m i x t u r e o f c r u s h e d i c e (fjOOg.), • 880d ammonia 
s o l u t i o n (200 m l.) and c h l o r o f o r m (200 m l . ) . T h i s m i x t u r e was w e l l s t i r r e d , 
t h e c h l o r o f o r m l a y e r was s e p a r a t e d and t h e aqueous l a y e r was e x t r a c t e d w i t h 
more c h l o r o f o r m (100 m l . ) . The combined c h l o r o f o r m l a y e r s were d r i e d w i t h 
anhydrous c a l c i u m c h l o r i d e ; a f t e r f i l t r a t i o n t h e s o l v e n t was removed from 
t h e f i l t r a t e t o g i v e a brown s o l i d . Upon r e c r y s t a l l i s i n g from e t h a n o l 
y e l l o w c r y s t a l s o f 9 - c h l o r o a c . r i d i n e , w h i c h darkened on s t a n d i n g , were 
produced. ( Y i e l d 63g. , 95%). M.p. 120°C; l i t e r a t u r e v a l u e 119-120°C. 1 7 4 
* 
By the S.R.C. Physico-Chemical Measurements U n i t 
^ By the A n a l y t i c a l S e r v i c e s of the Chemistry Department 
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( I d e n t i f i c a t i o n was by a comparison o f t h e i n f r a - r e d spectrum w i t h t h a t o f 
t h e c ommercial s a m p l e ) . 
( i i ) C o n v e r s i o n o f D i p h e n y l a m i n e - 2 - c a r b o x y l i c A c i d t o 9 - C h l o r o a c r i d i n e . 
D i p h e n y l a m i n e - 2 - c a r b o x y l i c a c i d (50g. , 235 mmole) and p h o s p h o r y l c h l o r i d e 
(2709., 160 m l . , 1758 mmole) were r e f l u x e d t o g e t h e r f o r 2 h. The 
r e s u l t i n g m i x t u r e was worked up as i n ( i ) above by d i s t i l l a t i o n and a d d i t i o n 
t o i c e . ( Y i e l d o f c r u d e 9 - c h l o r o a c r i d i n e = 35g-, 70%)• 
( i i i ) P r e p a r a t i o n o f D j p h e n y l a m i n e - 2 - c a r b o x y l i c A c i d . 2 - C h l o r o b e n z o i c 
a c i d ( 4 1 g . , 262 mmole), p o t a s s i u m c a r b o n a t e ( 4 l g . , 325 mmole), a n i l i n e (155Q. 
1666 mmole) and c u p r i c o x i d e ( l g . ) were r e f l u x e d t o g e t h e r f o r 3 h. The 
excess a n i l i n e was t h e n removed by steam d i s t i l l a t i o n , d e c o l o u r i s i n g 
c h a r c o a l ( 2 0 g . ) was addud and t h e m i x t u r e was b o i l e d f o r 15 m. A f t e r h o t 
f i l t r a t i o n , t h e f i l t r a t e was c a u t i o u s l y added, w i t h s t i r r i n g , t o a m i x t u r e 
o f c o n c e n t r a t e d h y d r o c h l o r i c a c i d (30 m l . ) and w a t e r ( 6 0 m l . ) . P a l e p i n k 
d i p h e n y l a m i n e - 2 - c a r b o x y l i c a c i d was p r e c i p i t a t e d . ( Y i e l d = 54 g., 95%)-
M.p. 174-175°C. , l i t e r a t u r e v a l u e 179- l8 l°C. 1' C i I d e n t i f i c a t i o n was by 
m o l e c u l a r w e i g h t (213) and i n f r a - r e d s p ectrum (N-H a b s o r b t i o n a t 3'Oyi, 
0-H a b s o r b t i o n c e n t r e d on 3*5V- a n a 0=0 a b s o r b t i o n a t 6'C^i). 
4 
B. 6 - C h l o r o p h e n a n t h r i d i n e 
( i ) C o n v e r s i o n o f D i p h e n i c A c i d t o D i p h e n i c A n h y d r i d e . D i p h e n i c a c i d 
(250g.) and a c e t i c a n h y d r i d e (750 ml.) were h e a t e d a t 120°C f o r h, The 
w h i t e s o l i d p roduced a f t e r c o o l i n g i s d i p h e n i c a n h y d r i d e . I t was f i l t e r e d 
o f f , washed w i t h g l a c i a l a c e t i c a c i d and d r i e d under vacuum. ( Y i e l d = 210g. 
90%). M.p. 219-222°C; l i t e r a t u r e v a l u e 2 1 2°C. 1 7 7 I d e n t i f i c a t i o n was by 
m o l e c u l a r w e i g h t (224) and i n f r a - r e d s p ectrum ( n o 0-H a b s o r b t i o n s , two C=0 
a b s o r b t i o n s a t 5'68p, and 5*77p-)« 
( i i ) -Conversion o f D i p h e n i c A n h y d r i d e t o Diphenainic A c i d . D i p h e n i c 
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a n h y d r i d e (210g.) and • 880d ammonia s o l u t i o n (420 ml . ) were r e f l u x e d 
t o g e t h e r u n t i l a l l t h e s o l i d had d i s s o l v e d ; t h i s t o o k about 2 h. The 
m i x t u r e was t h e n c o o l e d and c a u t i o u s l y a c i d i f i e d by a d d i n g c o n c e n t r a t e d 
h y d r o c h l o r i c a c i d , w i t h s t i r r i n g . Diphenamic a c i d was p r e c i p i t a t e d . 
( Y i e l d = l ? 5 g . , 83%). M.p. l 8 6 - l 8 8°C ; l i t e r a t u r e v a l u e 1 9 0°C. 1 7 7 
I d e n t i f i c a t i o n was by m o l e c u l a r w e i g h t (223) and i n f r a - r e d sp'ectrum (0-H 
a b s o r b t i o n c e n t r e d on 3*5)1, weak C~N a b s o r b t i o n a t 4-• 25)1 and C=0 a b s o r b t i o n 
a t 5-89|i). 
( i i i ) C o n v e r s i o n o f Diphenainic A c i d t o 6-Phenanthridanone. A s o l u t i o n 
o f bromine (35*7 ml. , 700 mmole) i n 10% sodium h y d r o x i d e s o l u t i o n (980 ml.) 
was p r e p a r e d . Then diphenamic a c i d ( l 7 5 g . , 784 mmole) was d i s s o l v e d i n 10% 
sodium h y d r o x i d e s o l u t i o n (700 m i . ) , and t h e bromine .-.-.olution was added 
s l o w l y , b u t i m m e d i a t e l y . The m i x t u r e was a l l o w e d t o sto.nd f o r h a l f an h o u r 
and t h e n c o n c e n t r a t e d sodium hydrogen s u l p h i t e s o l u t i o n (35 ml.) was added. 
The r e s u l t i n g m i x t u r e was a c i d i f i e d w i t h c o n c e n t r a t e d h y d r o c h l o r i c a c i d 
(280 ml.) w h i c h caused a brown s o l i d t o be p r e c i p i t a t e d . T h i s was v e r y c r u d e 
6 - p h e n a n t h r i d a n o n e , w h i c h was f i l t e r e d o f f and washed w e l l w i t h w a t e r . 
R e c r y s t a l l i s a t i o n from e t h a n o l p r o d u c e d o f f w h i t e c r y s t a l s o f q u i t e p u r e 
6-phenanthridanone. ( Y i e l d = 53g. , 35%). M.p. 282-?.^3°C; l i t e r a t u r e v a l u e 
o 177 
291 C. I d e n t i f i c a t i o n was by m o l e c u l a r w e i g h t ( 195) and i n f r a - r e d s p e c t r u m 
(N-H a b s o r b t i o n a t 3*15li a n c * c =0 a b s o r b t i o n a t 6'01-p.). U l t r a - v i o l e t s p e c t r i n s 
No. 1. 
( i v ) C o n v e r s i o n o f 6-Phenanthridanone t o 6 - C h l o r o p h e n a n t h r i d i n e . 6~ 
Phenanthridanone (50g . ) , p h o s p h o r y l c h l o r i d e (500 ml.-), N , N ~ d i n i e t b . y l a n i l i n e 
(20 ml.) and c o n c e n t r a t e d s u l p h u r i c a c i d (5 ml.) were r e f l u x e d t o g e t h e r f o r 
3 h. The excess p h o s p h o r y l c h l o r i d e was t h e n removed by d i s t i l l a t i o n under 
reduced p r e s s u r e and t h e r e s i d u e c a u t i o u s l y added t o a m i x t u r e o f c r u s h e d i c s 
(1 k g . ) , "880d ammonia s o l u t i o n (500 ml . ) and c h l o r o f o r m (500 m l . ) , A f t e r 
w e l l s t i r r i n g , t h e c h l o r o f o r m l a y e r was s e p a r a t e d and t h e aqueous l a y e r 
e x t r a c t e d w i t h more c h l o r o f o r m (100 m l . ) . The combined c h l o r o f o r m l a y e r s 
were d r i e d over anhydrous c a l c i u m c h l o r i d e and t h e n f i l t e r e d . The s o l v e n t 
was removed f r o m t h e f i l t r a t e t o l e a v e a d a r k r e s i d u e ; when r e c r y s t a l l i s e d 
f rom e t h a n o l , t h i s gave y e l l o w c r y s t a l s o f 6 - c h l o r o p h e n a n t h r i d i n e . 
( Y i e l d = 38g., 69%). M.p. 110-112°C; l i t e r a t u r e v a l u e 1 1 6°C. 1 7 1 
I d e n t i f i c a t i o n was by m o l e c u l a r w e i g h t (213 ( C I = 35) w i t h one c h l o r i n e atom) 
and i n f r a - r e d s p ectrum (no N-I-l 0-H o r CnO a b s o r b t i o n s , C-Cl a b s o r b t i o n a t 
13-24- p.). 
2.2 C h l o r i n a t i o n R e a c t i o n s 
A. 9 - C h l o r o a c r i d i n e 
The method used f o r a l l s u c c e s s f u l c h l o r i n a t i o n s was t h e same and t h e 
q u a n t i t a t i v e d i f f e r e n c e s between t h e v a r i o u s r u n s a r e summarised i n T a b l e 
6-1. The most, e c o n o m i c a l and s u c c e s s f u l r u n was r u n 3> I n t h i s r u n , 
9 - c h l o r o a c r i d i n e (60g.) and f i n e l y c r u shed a l u m i n i u m c h l o r i d e (200g.) were 
p l a c e d i n a f l a s k f i t t e d w i t h a gas i n l e t , a i r condenser and t e f l o n - b l a d e d 
p a d d l e s t i r r e r . A l l t h e a p p a r a t u s had been r i n s e d w i t h a cetone b e f o r e use 
and d r i e d i n t h e oven. B o t h b e f o r e and d u r i n g t h e r e a c t i o n a c o n t i n u o u s 
stream o f d r y n i t r o g e n gas was passed t h r o u g h t h e f l a s k . The f l a s k was 
o ' warmed t o 100 C, w h i c h caused a m o l t e n complex between 9 - c h l o r o a c r i d i n e 
and a l u m i n i u m c h l o r i d e t o be formed, and s t i r r i n g was begun, a l t h o u g h 
i n i t i a l l y t h e complex was v e r y v i s c o u s . S t i r r i n g was c o n t i n u e d f o r 48 h. 
w h i l e t h e t e m p e r a t u r e was 120-l6C°C and d r y c h l o r i n e gas (2.65g.) was passed 
i n t o t h e space above t h e r e a c t i o n m i x t u r e . F o r a f u r t h e r 48 h. s t i r r i n g 
was c o n t i n u e d w i t h t h e t e m p e r a t u r e a t 170-190°C and more c h l o r i n e gas (335g.) 
was added. 
Dry c h l o r o f o r m (1000 ml.) was added t o t h e s t i r r e d m o l t e n m i x t u r e and 
t h e r e s u l t i n g m i x t u r e was r e f l u x e d and s t i r r e d u n t i l most o f t h e m a t e r i a l 
was i n s o l u t i o n . T h i s s o l u t i o n was a deep r e d c o l o u r and, as f a r as p o s s i b l e 
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TABLE 6-1 
Alumi n i u m C h l o r i d e C a t a l y s e d C h i u r i n a t i o n s o f 9 - C h l o r o a c r i d i n e 
R e a c t i o n 
Amount o f 
9 - Ch 1 o r o ac r i d i ne 
Amount o f 
Alumi n i u m 
C h l o r i d e 
T e mperature f o r 
1 s t 48 h. 
Amount o f 
C h l o r i n e i n 1 s t 
48 h. 
Temperature f o r 
2nd 48 h. 
Amount o f 
C h l o r i n e i n 2nd 
48 h. 
Amount o f d r y 
C h l o r o f o r m 
Amount o f d r y 
Methanol 
35g. 
lOOg. 
120-140 C 
295g. 
140-160 C 
480g. 
1000 ml. 
500 ml, 
33g. 
100g. 
895 g. 
355g-
1000 ml, 
60g. 
200g. 
120.-150°C 120-l60°C 
265 g. 
160-190°C 1?0-190°C 
335g. 
1500 ml. 1000 ml. 
500 ml. 
45 g. 
170g. 
500g. 
310g. 
500 ml. 
50g. 
l80g. 
120-150°C 130-150°C 
2120g. 
160-180°C 160-180°C 
40g. 
1000 m l . 1000 ml. 
500 m l . 
Y i e l d o f Nona-
c h l o r o a c r i d i n e 40% ^30% 75% 65% 45% 
i t was h a n d l e d o n l y under d r y n i t r o g e n gas. A f t e r f i l t r a t i o n , t h e s o l u t i o n 
was c o o l e d t o -10°C and d r y methanol (500 m l . ) , a l s o c o o l e d t o -10°C ? was 
added. T h i s m i x t u r e was s t i r r e d and k e p t c o o l u n t i l t h e r e d c o l o u r had 
d i s a p p e a r e d and a y e l l o w p r e c i p i t a t e was formed. The p r e c i p i t a t e was f a i r l y -
p u r e n o n a c h l o r o a c r i d i n e . ( Y i e l d -.- 104g., 75%). M.p. 246-249°C. 
A S o x h l e t e x t r a c t i o n was c a r r i e d o u t on seme o f t h i s m a t e r i a l (5g.) i n 
a t h o r o u g h l y d r i e d e x t r a c t i o n a p p a r a t u s , u s i n g d r y c h l o r o f o r m (200 m l . ) as 
t h e s o l v e n t . A f t e r e x t r a c t i o n , t h e c h l o r o f o r m l a y e r was c o o l e d and t h e 
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r e s u l t i n g p a l e y e l l o w c r y s t a l s o f a n a l y t i c a l l y p u r e n o n a c h l o r o a c r i d i n e were 
f i l t e r e d o f f . M.p. 251-253°C. (Found: C, 3 W ; N 3-1; C l 64-8% 
C NCI r e q u i r e s C, 31*91; N, 2*86; C l , 65*22%). M o l e c u l a r w e i g h t - 485 
( C l = 35, see Appendix 2) w i t h n i n e c h l o r i n e atoms. I n f r a - r e d s pectrum No. 
U l t r a - v i o l e t spectrum No. 2. 
B. 6 - C h l o r o p h e n a n t h r i d i n e 
The p r o c e d u r e used f o r a l l s u c c e s s f u l c b l o r i n a t i o n s was t h e same; 
t h e q u a n t i t a t i v e d e t a i l s a r e g i v e n i n T a b l e 6-2. Run 1 i s t y p i c a l and i s 
d e s c r i b e d h e r e . A l l t h e a p p a r a t u s was d r i e d b e f o r e u s i n g by r i n s i n g w i t h 
acetone and d r y i n g i n t h e oven; b o t h b e f o r e and d u r i n g t h e r e a c t i o n i t was 
c o n t i n u a l l y purged w i t h d r y n i t r o g e n gas. 6 - C h l o r o p h e n a n t h r i d i n e (42g.) 
and f i n e l y powdered a l u m i n i u m c h l o r i d e (180g.) were p l a c e d i n a f l a s k f i t t e d 
w i t h a i r condenser, t e f l o n - b l a d e d p a d d l e s t i r r e r arid gas i n l e t . The f l a s k 
was warmed t o 120°C and t h e r e s u l t i n g m o l t e n complex was s t i r r e d . The 
t e m p e r a t u r e was m a i n t a i n e d a t 120-150°C f o r 48 h., w h i l e s t i r r i n g was 
c o n t i n u e d and d r y c h l o r i n e gas (95g.) was passed i n t o t h e space above t h e 
r e a c t i o n m i x t u r e . The t e m p e r a t u r e was t h e n r a i s e d f o r 48 h. t o l60- lS0°C; 
s t i r r i n g was c o n t i n u e d and more c h l o r i n e gas ( l85g . ) was passed i n . 
Dry c h l o r o f o r m (1000 ml.) was added t o t h e s t i r r e d m o l t e n m i x t u r e and 
th e r e s u l t a n t was r e f l u x e d u n t i l a l l s o l u b l e m a t e r i a l had d i s s o l v e d t o g i v e 
a deep r e d s o l u t i o n . T h i s s o l u t i o n was h a n d l e d , as f a r as p o s s i b l e , o n l y 
under d r y n i t r o g e n gas. I t was f i l t e r e d , c o o l e d t o -10°C and t h e n d r y 
methanol (750 m l . ) , a l s o c o o l e d t o -10°C, was added. T h i s m i x t u r e was 
s t i r r e d and k e p t c o o l u n t i l t h e r e d c o l o u r i n g had d i s a p p e a r e d and a y e l l o w 
p r e c i p i t a t e formed. T h i s was a n a l y t i c a l l y p u r e n o n a c h l o r o p h e n a n t l i r i d i n e , 
w i t h o u t f u r t h e r t r e a t m e n t . ( Y i e l d = 70g., 73%). M.p. 255-257°C, (Found 
C, 31*6; C l , 64-756. C ^ N C l ^ r e q u i r e s C, 31*91; C l , 65*22%). M o l e c u l a r 
w e i g h t 485 ( C l = 35) w i t h n i n e c h l o r i n e atoms. I n f r a - r e d spectrum No. 2. 
U l t r a - v i o l e t spectrum No, 3. 
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TABLE 6-2 
Alum i n i u m C h l o r i d e C a t a l y s e d C l i l o r i n a t i o n s o f 6 - C h l o r o p h e n a n t h r i d i n e 
R e a c t i o n 
Amount o f 6 - C h l o r o p h e r i a n t h r i d i n e 
Amount o f Al u m i n i u m C h l o r i d e 
T emperature f o r 1 s t 48 h. 
Amount o f C h l o r i n e i n 1 s t 48 h. 
Tempera t u r e f o r 2nd 48 h. 
Amount o f C h l o r i n e i n 2nd 48 h. 
Amount o f d r y C h l o r o f o r m 
Amount o f d r y Methanol 
Y i e l d 
C. 7.8-Benzoquinoline 
( i ) A l u m i n i u m C h l o r i d e C a t a l y s e d E l e m e n t a l C h l o r i n a t i o n . . The a p p a r a t u s 
f o r t h e c h l o r i n a t i o n was r i n s e d w i t h a c e t o n e and d r i e d i n an oven b e f o r e use; 
b e f o r e and d u r i n g t h e r e a c t i o n i t was c o n t i n u a l l y p u r g e d w i t h d r y n i t r o g e n 
gas. 7,8-Benzoquinoline (50g.) and f i n e l y c r u s h e d a l u m i n i u m c h l o r i d e ( l 8 0 g . ) 
were p l a c e d i n a f l a s k f i t t e d w i t h t e f 1 o n - b l a d e d p a d d l e s t i r r e r , a i r condenser 
and gas i n l e t . The f l a s k was warmed u n t i l a m o l t e n complex was formed 
between t h e r e a c t a n t s a t 130°C 5 whereupon s t i r r i n g was begun. The 
t e m p e r a t u r e was m a i n t a i n e d a t !40- l60°C f o r 48 h. w h i l e t h e m i x t u r e was 
s t i r r e d and d r y c h l o r i n e gas (450g.) was passed i n t o t h e space above t h e 
r e a c t i o n m i x t u r e . The t e m p e r a t u r e was t h e n r a i s e d t o l6G-l80°C f o r a n o t h e r 
1 
42g. 
1.86g. 
120-150°C 
95g. 
l60- l80°C 
185 g-
1000 ir.l, 
750 ml. 
50% 
2 
25g. 
120g. 
130-150°C 
I55g. 
i60- i80°C 
75 g. 
1000 m l , 
500 m l . 
65% 
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48 h. w h i l e s t i r r i n g was c o n t i n u e d and more c h l o r i n e (135g.) was added. 
A t t h e end o f t h i s t i m e , t h e h o t , m o l t e n m i x t u r e was c a u t i o u s l y p o u r e d 
o n t o i c e - w a t e r (1.500 i n l , ) , and w e l l s t i r r e d . The r e d d i s h - b r o w n s o l i d 
o b t a i n e d by f i l t r a t i o n was a m i x t u r e o f c h l o r i n a t e d 7 , 8 - b e n z o q u i n o l i n e s 
c h i e f l y p e n t a c h l o r o - 7 , 8 - b e n z o q u i n o l i n e and h e x a c h l o r o - 7 , U ~ h e n z o q u i n o l i n e . 
( Y i e l d = 90g. , ~85%). M.p. 140--.L44°C. (Found: C l , 53-2%. C „NHC1,. 
' 13 3 o 
r e q u i r e s C l , 55*2%. C NH Cl r e q u i r e s C l , 50-6%). I d e n t i f i c a t i o n was 
by t h e mass spectrum. ( P a r e n t peaks a t 383 w i t h s i x c h l o r i n e atoms and a t 
34-9 w i t h f i v e c h l o r i n e atoms). I n f r a - r e d spectrum No. 3. 
( i i ) F u r t h e r C h l o r i n a t i o n w i t h Phosphorus P e n t a c h l o r i d e . The p a r t i a l l y 
c h l o r i n a t e d 7 , 8 - b e n z o q u i n o l i n e s o b t a i n e d i n s e c t i o n ( i ) above ( l O g . ) and 
phosphorus p e n t a c h l o r i d f : ( l 50g . ) were s e a l e d i n a stee.l a u t o c l a v e w h i c h was 
t h e n e v a c u a t e d . The a u t o c l a v e was p l a c e d i n a f u r n a c e , h e a t e d t o 370°C 
and h e a t i n g was m a i n t a i n e d a t t h i s t e m p e r a t u r e u n t i l 6 h, a f t e r t h e 
a u t o c l a v e had o r i g i n a l l y been p u t i n t h e f u r n a c e . The a u t o c l a v e was t h e n 
v e n t e d , a l l o w e d t o c o o l , opened, and t h e c o n t e n t s were s t i r r e d w i t h i c e -
w a t e r (400 m l . ) . The s o l i d w h i c h was f i l t e r e d f rom t h i s s o l u t i o n was cr u d e 
n o n a c h l o r o - 7 , 8 - b e n z o q u i n o l i n e . 
A p u r e sample o f nonnch1oro-7.8-benzoquino1ine was o b t a i n e d by 
s u b l i m a t i o n under vacuum. M.p. 209-211°C. (Found: C l , 65*1%. C NCI 
. r e q u i r e s C l 65*22%. I n c o m p l e t e o x i d a t i o n made i t i m p o s s i b l e t o o b t a i n 
s a t i s f a c t o r y c a r b o n a n a l y s i s ) . M o l e c u l a r w e i g h t = 485 w i t h n i n e c h l o r i n e 
atoms. I n f r a - r e d s p ectrum No. 4. U l t r a - v i o l e t spectrum No. 4. 
3. E x p e r i m e n t a l f o r C h a p t e r I I I - P r o p e r t i e s o f Some P e r c h l o r o h e t e r o c y c l i c 
Compounds C o n t a i n i n g N i t r o g e n 
3.1. A t t e m p t e d F l u o r i d a t i o n R e a c t i o n s 
A. No nach ]. o r o a c r i d i n e 
The g e n e r a l f l u o r i n a t i c n p r o c e d u r e was t h e same i n a l l cases and 
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q u a n t i t a t i v e d e t a i l s o f t h e v a r i o u s r e a c t i o n s a r e g i v e n i n T a b l e 6--3. Run 
4 i s t y p i c a l and i s d e s c r i b e d h e r e . N o n a c h l o r o a c r i d i n e (30g.) and d r y 
p o t a s s i u m f l u o r i d e (200g.) were w e l l mixed and s e a l e d as r a p i d l y as p o s s i b l e 
i n a t h o r o u g h l y d r i e d 120 m l . , n i c k e l - l i n e d a u t o c l a v e . The a u t o c l a v e was 
t h e n e v a c u a t e d and h e a t e d a t 350°C f o r 18 h. 
TABLE 6-3 
A u t o c l a v e F l u o r i d a t i o n s o f N o n a c h l o r o a c r i d i n e 
R e a c t i o n Amount o f Amount o f Dry R e a c t i o n R e a c t i o n N o n a c h l o r o a c r i d i n e P o t a s s i u m F l u o r i d e Time T e m p e r a t u r e 
1 25g. I 4 0 g . 24 h. 470°C 
2 25g. l60g. 18 h. 350°C 
3 23g. 150g. 18 h. 300°C 
4 30g. 200g. 18 h. 3 5 0 ° c 
5 30g. 200g. 18 h. 400°C 
6 30g. 200g. 18 h. 400°C 
7 20g. l60g. 18 h. 400°C 
V o l a t i l e s were t h e n t r a n s f e r r e d o u t o f t h e h o t a u t o c l a v e , under vacuum, 
i n t o a c o l d t r a p . Only m a t e r i a l s w h i c h were gaseous a t room t e m p e r a t u r e were 
o b t a i n e d i n t h i s way. A f t e r c o o l i n g , t h e a u t o c l a v e was l e t down t o an 
atmosphere o f d r y n i t r o g e n gas, and opened. I t was f o u n d t o c o n t a i n a 
powdery b l a c k r e s i d u e , f r o m w h i c h i t was a t t e m p t e d t o e x t r a c t t r a c t a b l e 
m a t e r i a l i n v a r i o u s ways. 
S u b l i m a t i o n under 0*01 mm. Hg. a t l60°C gave o n l y v e r y s m a l l amounts 
o f a m a t e r i a l w h i c h was c h i e f l y t e t r a c h l o r o t e t r a f l u o r o - 9 ~ a c r i d a n o n e . 
( I d e n t i f i e d b y t h e mass sp e c t r u m , w i t h m / e - 403 ftnd f o u r c h l o r i n e a t o m s ) . 
Some .of t h e b l a c k r e s i d u e f r o m t h e a u t o c l a v e (50g.) was r e f l u x e d w i t h 
a c e t o n e , c h l o r o f o r m o r c h l o r o b e n z e n e (500 ml.) f o r 2 h. The c o o l e d m i x t u r e 
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was f i l t e r e d and t h e s o l v e n t was removed f r o m t h e f i l t r a t e t o g i v e a v e r y 
s m a l l amount o f an orange s o l i d , w h i c h was shown by t h e mass spectrum t o 
be c h i e f l y t e t r a c h l o r o t e t r a f l u o r o - 9 - a c r i d a n o n e . 
The r e s t o f t h e r e s i d u e f r o m t h e a u t o c l a v e was v i g o r o u s l y s t i r r e d w i t h 
w a t e r (400 ml.) f o r 24 h., t o l e a v e a b l a c k p o l y m e r i c s o l i d . 
B. N o n a c h l o r o p h e n a n t h r i d i n e 
( i ) I n a S o l v e n t . The g e n e r a l p r o c e d u r e f o r a l l t h e s e r e a c t i o n s was 
t h e same and t h e q u a n t i t a t i v e d e t a i l s a r e g i v e n i n T a b l e 6-4. 
TABLE 6-4 
S o l v e n t F l u o r i n a t i o n s o f N o n a c h l o r o p h e n a n t h r i d i n e 
Run 1 2 3 4 
F l u o r i n a t i n g Agent CsF KF KF CsF 
30g. I5g. 25g. I5g. 
Amount o f 
F l u o r i n a t i n g Agent 
Amount o f 
N o n a c h l o r o p h e n a n t h r i d i n e 5g. 3g- 3g. 2g. 
Amount o f d r y S u l p h o l a n e 40 ml. 20 n i l . 50 ml. 40 m l . 
Temperature l60°C l60°C l60°C l80°C 
Time 24 h. 24 h. 90 h. 24 h. 
Run 4 i s t y p i c a l and i s d e s c r i b e d h e r e . 
A l l t h e a p p a r a t u s was r i n s e d w i t h a c e t o n e and t h o r o u g h l y d r i e d i n an 
oven b e f o r e use. N o n a c h l o r o p h e n a n t h r i d i n e (2g . , 4*1 mmole), d r y caesium 
f l u o r i d e (1 5 g . , 98"9 mmole), and d r y s u l p h o l a n e (40 ml.) were p l a c e d i n a 
f l a s k f i t t e d w i t h a m a g n e t i c s t i r r e r , g a s - t a p and v a r i a b l e volume r e s e r v o i r 
( c o n v e n i e n t l y a f o o t b a i l b l a d d e r ) , t o a l l o w f o r e x p a n s i o n . The f l a s k was 
evacu a t e d t o de-gas t h e s o l v e n t and t h e n l e t down t o an atmosphere o f d r y 
n i t r o g e n gas. The c o n t e n t s were s t i r r e d a t l80°c f o r 24 h. 
A f t e r c o o l i n g } t h e r e s u l t i n g m i x t u r e was p o u r e d o n t o w a t e r (4000 ml.) 
and w e l l s t i r r e d . The s o l i d was f i l t e r e d o f f and r e f l u x e d w i t h c h l o r o f o r m 
(200 ml.) f o r l£ h. T h i s m i x t u r e was f i l t e r e d , and t h e s o l v e n t was 
removed f r o m t h e f i l t r a t e t o l e a v e a p a l e brown s o l i d , w h i c h was a m i x t u r e 
o f c h l o r o f l u o r o - 6 - p h e n a n t h r i d a n o n e s . ( I d e n t i f i e d by t h e mass spectrum; 
peaks a t 403 v / i t h f o u r c h l o r i n e atoms, 419 w i t h f i v e c h l o r i n e atoms , 435 
w i t h s i x c h l o r i n e atoms, and so o n ) . 
( i i ) I n t h e S o l i d Phase. The g e n e r a l p r o c e d u r e was t h e same i n a l l 
cases and t h e q u a n t i t a t i v e d e t a i l s o f t h e v a r i o u s r u n s a r e g i v e n i n T a b l e 
Run 2 } w h i c h i s t y p i c a l , i s d e s c r i b e d h e r e . 
TABLE 6-5 
A u t o c l a v e F l u - u r i n a t i o n s o f N o n a c h l o r o p h e n a n t h r i d i ne 
Run 1 . 2 3 
Amount o f Dry P o t a s s i u m F l u o r i d e 80g. 80g. 80g.-
Amount o f N o n a c h l o r o p h e n a n t h r i d i n e 8g. 8g. 8g. 
Temperature 450°C 400°C o 350 c 
Time 3 h. \\ h. i f h. 
N o n a c h l o r o p h e n a n t h r i d i n e (8g . , l 6«5 mmole) and d r y p o t a s s i u m f l u o r i d e 
(80g. , 1370 mmole) were w e l l m i x e d and s e a l e d i n an a u t o c l a v e , w h i c h was 
t h e n e v a c u a t e d . The a u t o c l a v e was t h e n h e a t e d a t 400°C f o r \\ h. 
V o l a t i l e s were t h e n t r a n s f e r r e d o u t o f t h e h o t a u t o c l a v e } u n d e r vacuum i n t o 
a c o l d t r a p ; t h e s e v o l a t i l e s were a l l gaseous a t room t e m p e r a t u r e . 
The a u t o c l a v e was t h e n a l l o w e d t o c o o l , l e t down t o an atmosphere o f 
d r y n i t r o g e n gas, and opened. The e x t r a c t i o n o f t r a c t a b l e m a t e r i a l f r o m t h 
s o l i d r e s i d u e was a t t e m p t e d by t h e methods o f vacuum s u b l i m a t i o n , s o l v e n t 
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e x t r a c t i o n and t r e a t m e n t w i t h w a t e r i n a way analogous t o t h a t d e s c r i b e d 
f o r t h e f l u o r i n a t i o n s o f n o n a c h l o r o a c r i d i n e , b u t w i t h o u t any success. 
C. N o n a c h l o r o - 7 . 8 - b e n s o q u i n o l i n e 
The g e n e r a l p r o c e d u r e f o r t h e two r e a c t i o n s was t h e same and t h e 
q u a n t i t a t i v e d e t a i l s a r e g i v e n i n T a b l e 6-6. 
TABLE 6-6 
A u t o c l a v e F l u o r i d a t i o n s o f N o n a c h l o r o - 7 . 8 - b e n z o q u i n o l i n e 
Run 
Amount o f D r y Potassium F l u o r i d e 
Amount o f N o n a c h l o r o - 7 , 8 - b e n z o q u i n o l i n e 
Temperature 
Time 
Run 2 i s t y p i c a l and i s d e s c r i b e d h e r e . 
N o n a c h l o r o - 7 , 8 - b e n z o q u i n o l i n e (2g., 4 mmole) and d r y p o t a s s i u m f l u o r i d e 
(20g., 340 mmole) were w e l l mixed and s e a l e d i n a 80 ml. n i c k e l - l i n e d s t e e l 
t u b e . The t u b e was h e a t e d a t 350°C f o r 6 h. and t h e n c o o l e d and. opened, and. 
th e d a r k brown s o l i d c o n t e n t s were e m p t i e d o u t . A l l a t t e m p t s t o i s o l a t e 
t r a c t a b l e m a t e r i a l f r o m t h i s s o l i d , by s u b l i m a t i o n , s o l v e n t e x t r a c t i o n , o r 
t r e a t m e n t w i t h w a t e r , as d e s c r i b e d f o r n o n a c h l o r o a c r i d i n e , f a i l e d , 
3.2 H y d r o l y s i s R e a c t i o n s and B a s i c i t y 
A. N o n a c h l o r o a c r i d i n e 
: ( i ) H y d r o l y s i s . N o n a c h l o r o a c r i d i n e (2»0g.) was r e f l u x e d w i t h w a t e r 
(50 m l . ) and c o n c e n t r a t e d h y d r o c h l o r i c a c i d (50 ml.) f o r 18 h. and 
v i g o r o u s l y s t i r r e d . The g r e e n s o l i d p r o d u c t was o c t a c h . l o r o - 9 - a c r i d a n o n e . 
( Y i e l d = 1-bg., 8 0 % ) . M.p. > 340 C; l i t e r a t u r e v a l i i e 370 C. (Found: 
1 
20g. 
2<i. 
450°C 
12 h. 
2 
20g. 
2g. 
350 °C 
6 h. 
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C, 32'9; N, 2-8; C I , 60-8°4, C a l c u l a t e d f o r C NHOClg: c , 3 . 3 5 
N, 2«98; C I , 60-31%). M o l e c u l a r w e i g h t = 467 w i t h e i g h t c h l o r i n e atoms. 
I n f r a - r e d spectrum No. 5. U l t r a - v i o l e t spectrum No. 5. 
( i i ) R e a c t i o n w i t h Hydrogen C h l o r i d e Gas. N o n a c h l o r o a c r i d i n e (0«5g„) 
was d i s s o l v e d i n d r y c h l o r o f o r m (450 m l . ) . T h e ' r e s u l t i n g s o l u t i o n was 
s t i r r e d and d r y hydrogen c h l o r i d e gas was b u b b l e d t h r o u g h t h e s o l u t i o n u n t i l 
t h e u p t a k e o f gas had ceased. The y e l l o w s o l i d p r o d u c e d was f i l t e r e d o f f , 
and t h e m a t e r i a l i s o l a t e d p r o v e d t o be unchanged n o n a c h l o i ~ o a c r i d i n e . 
( I d e n t i f i e d by a comparison o f i t s i n f r a - r e d spectrum w i t h t h a t o f an 
a u t h e n t i c sample from 2.2.A). 
D. H y d r o l y s i s o f N o n a c h l o r o p h e n a n t h r i d i n o 
N o n a c b l o r o p h e n a n t h r i d i n e (4«0g.) was s t i r r e d w i t h water (30 ml.) and 
c o n c e n t r a t e d s u l p h u r i c a c i d ( 120 ml.) a t 100°C f o r 100 h. A f t e r t h i s t i m e 
t h e m i x t u r e was c o o l e d and t h e s o l i d was f i l t e r e d o f f and washed w e l l w i t h 
w a t e r . R e c r y s t a l l i s a t i o n from c h l o r o b e n z e n e gave p u r e , g r e e n o c t a c h l o r o - 6 ~ 
p h e n a n t h r i d a n o n e . ( Y i e l d = 2-4g«, 6 2 % ) . M.p. > 350°C. (Found: C l 5 60'5%. 
C NH0C1. r e q u i r e s CI 60-31%), M o l e c u l a r w e i g h t = 46? w i t h e i g h t c h l o r i n e 13 o 
atoms. I n f r a - r e d spectrum No. 6. U l t r a - v i o l e t spectrum No. 6, 
4 
3.3 N u c l e o p h i l i c S u b s t i t u t i o n R e a c t i o n s 
A, N o n a c h l o r o a c r i d i n e 
( i ) One E q u i v a l e n t o f Methoxide I o n . A s o l u t i o n o f sodium ( 0 - l O g . , 
4'35 nirnole) i n d r y methanol (5 ml.) was p r e p a r e d and added t o a s u s p e n s i o n 
o f n o n a c h l o r o a c r i d i n e (2*00g., 4*09 mmole) i n d r y methanol (150 m l . ) . The 
r e s u l t i n g m i x t u r e was r e f l u x e d f o r 24 h. and t h e green s o l i d t h a t was f i l t e r e d 
o f f was o c t a c h l o r o - 9 - m e t h o x y a c r i d i n e . ( Y i e l d = l«75g., 8 8 % ) . M.p. 244-246°C. 
(Found; C, 35'0; N, 2-6; I I , 0-8: C I , 58-2%. C^NH 0 C l g r e q u i r e s 34-68; 
N, 2-89; H, 0«62; C I , 58-52%), M o l e c u l a r w e i g h t - 481 w i t h e i g h t c h l o r i n e 
atoms. I n f r a - r e d spectrum No, 7« 
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Some o f t h e o c t a c h l o r o - 9 - i n e t h o x y a c r i d i n e (l'OOg.) was s t i r r e d and 
r e f l u x e d w i t h w a t e r (50 ml.) and c o n c e n t r a t e d h y d r o c h l o r i c a c i d (50 ml.) 
f o r 18 h. The s o l i d p r o d u c t t h a t was f i l t e r e d o f f was o c t a c h l o r o - 9 -
a c r i d a n o n e . ( i d e n t i f i e d by a c o m p a r i s o n o f i t s i n f r a - r e d spectrum w i t h 
t h a t o f an a u t h e n t i c sample from 3 » 2 . A . ( i ) ) . 
( i i ) Two E q u i v a l e n t s o f M e t h o x i d e I o n . The r e a c t i o n was a t t e m p t e d a t 
a t m o s p h e r i c p r e s s u r e by f i r s t p r e p a r i n g a s o l u t i o n o f sodium (0«12g.j 5*20 
mmole) i n d r y methanol (5 m l . ) . T h i s s o l u t i o n was added t o a s u s p e n s i o n o f 
n o n a c h l o r o a c r i d i n e ( l « 0 0 g . , 2*04 mmole) i n d r y methanol ( ? 0 ml.) and t h e 
r e s u l t i n g m i x t u r e was r e f l u x e d and s t i r r e d f o r 90 h. The g r e e n s o l i d 
p r o d u c e d was o c t a c h l o r o - 9 - m e t h o x y a c r i d i n e . ( I d e n t i f i e d by a comparison o f 
i t s i n f r a - r e d spectrum w i t h t h a t o f an a u t h e n t i c sample from 3.-3« A. ( i ) ) . 
The r e a c t i o n under p r e s s u r e was c a r r i e d o u t by p l a c j n g a s o l u t i o n o f 
sodium ( O 1 2 g . 5*20 mmole) i n d r y m e t h a n o l (30 m l . ) i n a n i c k e l t u b e and 
a d d i n g n o n a c h l o r o a c r i d i n e (1'OOg., 2*04 mmole). The t u b e was s e a l e d and 
r o t a t e d i n an o i l b a t h a t 200°C f o r 24 h. The t u b e was t h e n c o o l e d , opened 
and t h e c o n t e n t s were washed o u t w i t h m e t h a n o l . A d a r k g r e e n s o l i d was 
p r o d u c e d j w h i c h was o c t a c h l o r o - 9 - a c r i d a n o n e . ( i d e n t i f i e d by a c omparison 
4 
o f i t s i n f r a - r e d spectrum w i t h t h a t o f an a u t h e n t i c sample f r o m 3 . 2 . A . ( i ) ) . 
( i i i ) D i e t h y l a m i n e . N o n a c h l o r o a c r i d i n e (l-OOg.) was r e f l u x e d w i t h 
d i e t h y l a m i n e . (70 ml.) f o r 24 h. The r e s u l t i n g m i x t u r e was c o o l e d } p o u r e d 
o n t o w a t e r (100 ml.) and t h e s o l i d was f i l t e r e d o f f . T h i s s o l i d was 
r e c r y s t a l l i s e d from c h l o r o f o r m t o g i v e orange o c t a c h l o r o - 9 - e t h y l i m i n o a c r i d a n . 
( Y i e l d = 0-34g. , 3 3 % ) . M.p. 222-224°C (Found: C l , 56'6%. C 1 5 N 2 H 6 C 1 8 
r e q u i r e s C l } 36"98%). M o l e c u l a r w e i g h t = 494 w i t h e i g h t c h l o r i n e atoms. 
I n f r a - r e d spectrum No. 8. N.M.R. spectrum No. 1. 
( i v ) t - B u t y 1 a m i n e • N o n a c h l o r o a c r i d i n e (2*0g.) was s t i r r e d w i t h 
r e f J u x i n g t - b u t y l a m i n e (50 ml.) f o r 24 h., and t h e n t h e c o o l e d r e s i d u e was 
p o u r e d o n t o w a t e r (100 m l . ) . The s o l i d p r o d u c e d was a m i x t u r e o f s t a r t i n g 
m a t e r i a l , o c t a c h l o r o a c r i d i n e s and s u b s t i t u t i o n p r o d u c t s . ( I d e n t i f i e d by 
t h e mass spect r u m . P a r e n t peaks a t 485 w i t h n i n e c h l o r i n e a t o m s } 451. w i t h 
e i g h t c h l o r i n e atoms, and 520 w i t h e i g h t c h l o r i n e a t o m s ) . 
( v ) T h i o p h e n o x i d e I o n . Sodium ( O 0 6 g . , 2 - 6 l rnmole) was added t o d r y , 
s t i r r e d methanol (100 ml.) and t h e n t h i o p h e n o l (2 ml.) was added, f o l l o w e d 
by n o n a c h l o r o a c r i d i n e (l-OOg., 2-04 mmole), and t h e m i x t u r e was r e f l u x e d 
f o r \\ h. Water (50 ml.) was t h e n added and t h e r e s u l t i n g s o l i d was 
f i l t e r e d o f f and r e c r y s t a l l i s e d from c h l o r o f o r m t o g i v e a m i x t u r e o f 
o c t a c h l o r o a c r i d i n e s . ( I d e n t i f i e d by t h e mass spectrum. P a r e n t peak a t 
451 w i t h e i g h t c h l o r i n e atoms). 
( v i ) . H e x a f l u o r o p r o p e n e i n the Presence o f F l u o r i d e I o n . A l l t h e 
a p p a r a t u s was r i n s e d w i t h acetone and t h o r o u g h l y d r i e d i n an oven b e f o r e use 
N o n a c h l o r o a c r i d i n e (2-0g. 4-1 mmole), d r y caesium f l u o r i d e (39», 19*8 mmole 
and d r y s u l p h o l a n e (40 ml.) were p l a c e d i n a f l a s k f i t t e d w i t h m a g n e t i c 
s t i r r e r , g a s - t a p and v a r i a b l e volume r e s e r v o i r . The a p p a r a t u s was 
e v a c u a t e d , t h e s o l v e n t was degassed, and t h e n t h e a p p a r a t u s was f i l l e d w i t h 
h e x a f l u o r o p r o p e n e (5g« , 33*3 mmole). The m i x t u r e was s t i r r e d a t 75°C f o r 
3 h. , d u r i n g w h i c h t i m e most o f t h e gas was used up; f i t i r r i n g was 
c o n t i n u e d a t t h i s t e m p e r a t u r e f o r a n o t h e r 16 h. V o l a t i l e s were t h e n 
t r a n s f e r r e d o u t under vacuum i n t o a c o l d t r a p , and t h e r e s i d u e was mixed 
w i t h water (300 ml.) and c h l o r o f o r m (300 m l . ) . The o r g a n i c l a y e r was 
s e p a r a t e d , and t h e aqueous l a y e r was e x t r a c t e d w i t h more c h l o r o f o r m 
(2 x 100 m l . ) . 
The combined c h l o r o f o r m l a y e r s were washed w i t h w a t e r (3 x 100 ml.) 
and t h e n d r i e d w i t h anhydrous magnesium s u l p h a t e . A f t e r f i l t r a t i o n , t h e 
s o l v e n t was removed from t h e f i l t r a t e t o l e a v e o c t a c h l o r o - 9 - a c r i d a n o n e . 
( I d e n t i f i e d by a c o mparison o f i t s i n f r a - r e d s p e c t r u m w i t h t h a t o f an 
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a u t h e n t i c sample from 3 . 2 . A . ( i ) ) . 
B. N o n a c h l o r o p h e n a n t h r i d i n e 
( i ) M e t h o x i d e Ton. N o n a c h l o r o p h e n a n t h r i d i n e (l-OOg., 2*04 mmole) was 
suspended i n d r y methanol (40 ml.) and sodium (0-06g., 2-60 mmole) was 
added. The r e s u l t i n g m i x t u r e was s t i r r e d and r e f l u x e d f o r 65 h. The 
c o o l e d r e s i d u e was added t o w a t e r (40 m l . ) and g r e e n octachloro-6-methoxy--
p h e n a n t h r i d i n e was f i l t e r e d o f f . ( Y i e l d =r. 0-82g., 8 l % ) . M.p. 245~247°C. 
(Found: C, 34'4; N, 3-0; I I , 0-6; C I , 58-9%. C^NII^OClg r e q u i r e s 
C, 34-68; N, 2*89; H, 0-62; C I , 58-52%). M o l e c u l a r w e i g h t = 4-81 w i t h 
e i g h t c h l o r i n e atoms. I n f r a - r e d s p e c t r u m No. 9. 
Some o f t h i s o c t a c h l o r o - 6 - m e t h o x y p h e n a n t h r i d i n e (0«7g.) was h e a t e d w i t h 
w a t e r (30 ml.) and c o n c e n t r a t e d s u l p h u r i c a c i d (120 m l . ) a t 100°C f o r 110 h. 
The r e s u l t i n g m i x t u r e was «-.ooled and t h e s o l i d was f i l t e r e d o f f and washed 
w e l l w i t h w a t e r . T h i s was o c t a c h l o r o - 6 - p h e n a n t h r i d a n o n e . ( I d e n t i f i e d by 
a c o m p a r i s o n o f i t s i n f r a - r e d spectrum w i t h t h a t o f an a u t h e n t i c sample 
from 3.2.B). 
( i i ) D i e t h y l a m i n e . N o n a c h l c r o p h e n a n t h r i d i n e (2-0g,) was s t i r r e d w i t h 
r e f l u x i n g d i e t h y l a m i n e (50 m l . ) f o r 65 h. The r e s u l t i n g m i x t u r e was 
s t i r r e d w i t h w a t e r (100 ml.) and t h e p a l e brown s o l i d was f i l t e r e d o f f . 
T h i s was r e c r y s t a l l i s e d from a c e t o n e t w i c e t o g i v e o c t a c h l o r o - 6 - d i e t h y l a m i n o -
p h e n a n t h r i d i n e . ( Y i e l d = 0«4g., 1 9 % ) . M-p. 131-132°C. (Found: C, 39-0 
N, 5-1; H, 1-2; C I , 54-2%. C 1 7 N 2 H i 0 C l 8 r e 1 u i r e s c» 38-82; N, 5'33; 
H, 1»92; C I , 53-93%). M o l e c u l a r w e i g h t = 522 w i t h e i g h t c h l o r i n e atoms. 
I n f r a - r e d s pectrum No. 10. N.M.R, spe c t r u m No, 2. 
( i i i ) t - D u t y l a m i n e . N o n a c h l o r o p h e n a n t h r i d i n e (0>5g.) was s t i r r e d w i t h 
r e f l u x i n g t - b u t y l a m i n e (50 m l . ) f o r 24 h. The r e s u l t i n g m i x t u r e was added 
t o w a t e r (.100 m l . ) and t h e s o l i d was f i l t e r e d o f f . T h i s was a m i x t u r e o f 
s t a r t i n g m a t e r i a l , o c t a c h l o r o p h e n a n t h r i d i n e s and s u b s t i t u t i o n p r o d u c t s . 
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( I d e n t i f i e d by t h e mass spectrum. P a r e n t peaks a t 485 w i t h n i n e c h l o r i n e 
atoms, 451 w i t h e i g h t c h l o r i n e atoms and 520 w i t h e i g h t c h l o r i n e atoms). 
( i v ) T h i o p h e n o x i d e I o n . Sodium (0«06g. , 2«6l mniole) was added t o d r y , 
s t i r r e d m ethanol (1.00 ml.) and t h e n t h i o p h e n o l (2 ml.) was added, f o l l o w e d 
by n o n a c h l o r o p h e n a n t h r i d i n e (l-OOg., 2*04 mmole) and t h e m i x t u r e was 
r e f l u x e d f o r \\ h. Water (50 ml.) was added and t h e r e s u l t i n g s o l i d was 
f i l t e r e d o f f . T h i s was a m i x t u r e o f o c t a c h l o r o p h e n a n t h r i d i n e s . ( I d e n t i f i e d 
by t h e mass spect r u m . P a r e n t peak a t 451 w i t h e i g h t c h l o r i n e atoms). 
3.4 R e a c t i o n s w i t h O r g a n o m e t a l l i c Reagents 
The p r o c e d u r e f o r s t a n d a r d i s i n g t h e n - b u t y l l i t h i u m s o l u t i o n was as 
f o l l o w s . Samples o f t h e s o l u t i o n o f n - b u t y l l i t h i u m i n n-hexane ( l m l . ) 
were added t o w a t e r (20 m l - ) , and t h e r e s u l t i n g m i x t u r e was t i t i ~ a t e d 
a g a i n s t 0'IN s u l p h u r i c a c i d , u s i n g p h e n o l p h t h a l e i n as i n d i c a t o r . T h i s 
was c a r r i e d o u t on t h r e e samples and t h e most c o n s i s t e n t t i t r e was used t o 
c a l c u l a t e t h e t o t a l l i t h i u m c o n t e n t o f t h e s o l u t i o n . O t h e r samples o f t h e 
s o l u t i o n o f n - b u t y l l i t h i u m (1 ml.) were added t o r e d i s t i l l e d b e n z y l c h l o r i d e 
( l m l.) i n d r y e t h e r (15 m l . ) . Water (10 m l . ) was added a f t e r i h. and 
t h e r e s u l t i n g m i x t u r e was t i t r a t e d as b e f o r e . T h i s p r o c e d u r e , t o o , was 
c a r r i e d o u t on t h r e e samples, and t h e most c o n s i s t e n t t i t r e was used t o 
c a l c u l a t e t h e n o n - o r g a n o m e t a l l i c l i t h i u m c o n t e n t o f t h e s o l u t i o n . 
I n a l l o f t h e s e r e a c t i o n s , t h e a p p a r a t u s was r i n s e d w i t h a c e t o n e and 
t h o r o u g h l y d r i e d i n an oven b e f o r e use. 
A. N o n a c h l o r o a c r i d i n e 
( i ) R e a c t i o n s w i t h n - B u t y l L i t h i u m . I n t h e r e a c t i o n s where o n l y 
s t a r t i n g m a t e r i a l was r e c o v e r e d , n o n a c h l o r o a c r i d i n e (2-0g,, 4*1 mmole) and 
d r y e t h e r (1.50 ml.) were p l a c e d i n a f l a s k f i t t e d w i t h m a g n e t i c s t i r r e r , 
gas i n l e t d r o p p i n g f u n n e l and condense]", w h i c h was c o n t i n u o u s l y p u r g e d w i t h 
d r } r n i t r o g e n gas, b e f o r e and d u r i n g t h e e x p e r i m e n t . The m i x t u r e was c o o l e d 
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t o 0 C and a 2-0M s o l u t i o n o f n - b u t y l l i t h i u m i n n-hexane (3 m l . , 6 mmole) 
was s l o w l y added, w h i l e t h e m i x t u r e was s t i r r e d . S t i r r i n g was c o n t i n u e d 
a t t h i s t e m p e r a t u r e f o r 2^ h., and t h e n f o r a n o t h e r 2 h. a t room t e m p e r a t u r e , 
N - H y d r o c h l o r i c a c i d (10 ml.) was t h e n added and t h e r e s u l t a n t was s t i r r e d 
f o r a f i n a l 2 h. The s o l i d t h a t was f i l t e r e d o f f was unchanged nona-
c h l o r o a c r i d i n e . ( I d e n t i f i e d by a comparison o f i t s i n f r a - r e d spectrum 
w i t h t h a t o f an a u t h e n t i c sample f r o m 2.2.A). 
I n t h e r e a c t i o n s w h i c h p r o d u c e d o c t a c h l o r o a c r i d i n e , n o n a c h l o r o a c r i d i n e 
and d r y e t h e r were p l a c e d i n t h e f l a s k as b e f o r e , b u t they were c o o l e d t o 
-78°C. An a p p r o x i m a t e l y 2M s o l u t i o n o f n - b u t y l l i t h i u m i n n-hexane (3 ml. 
6 mmole) was s l o w l y added and s t i r r i n g was c a r r i e d o u t a t -?8°C f o r 4 h. 
N - H y d r o c h l o r i c a c i d (10 ml.) was t h e n added and s t i r r i n g was c o n t i n u e d w h i l e 
t h e m i x t u r e was a l l o w e d t o warm t o room t e m p e r a t u r e . The s o l i d w h i c h was 
f i l t e r e d o f f was r e c r y s t a l l i s e d from c h l o r o f o r m , t o g i v e o f f - w h i t e c r y s t a l s 
o f 1 , 2 . 3 , 4 . 5 , 6 , 7 , 8 - o c t a c h l o r o a c r i d i n e . ( Y i e l d = 1 ' l g . , 59%). M.p. l 6 7 - i 6 8 ° C . 
(Found: C l , 62-1%. C^NIJClg r e q u i r e s C I , 62-44%. T h i s e x p e r i m e n t c o u l d 
n o t be r e p e a t e d , and t h e r e was n o t enough m a t e r i a l l e f t t o o b t a i n a 
ca r b o n a n a l y s i s ) . M o l e c u l a r w e i g h t = 451 w i t h e i g h t c h l o r i n e atoms. 
I n f r a - r e d s pectrum No. 11. 
P a r t o f t h i s o c t a c h l o r o a c r i d i n e (0-8g.) was r e f l u x e d w i t h w a t e r (25 ml.) 
and c o n c e n t r a t e d h y d r o c h l o r i c a c i d (25 ml.) f o r 24 h. The s o l i d produced 
was unchanged o c t a c h l o r o a c r i d i n e . ( I d e n t i f i e d b y i t s i n f r a - r e d s p e c t r u m ) . 
I n t h e r e a c t i o n w h i c h p r o d u c e d 9 - n - b u t y l - l , 2 ) 3 , 4 , 5 , 6 J 7 5 8 ~ o c t a c h l o r o -
a c r i d a n , n o n a c h l o r o a c r i d i n e and d r y e t h e r were p l a c e d i n t h e f l a s k as b e f o r e 
and c o o l e d t o -78°C. A 0-2N1 s o l u t i o n o f n - b u t y l l i t h i u m i n n-hexane (5 ml... 
1-0 mmole) was added and t h e m i x t u r e was s t i r r e d a t -78°C f o r 3 h. N-
H y d r o c h l o r i c a c i d (20 m l . ) was t h e n added and s t i r r i n g was c o n t i n u e d w h i l e t h e 
m i x t u r e was a l l o w e d t o warm t o room t e m p e r a t u r e . . The s o l i d was f i l t e r e d o f f 
and s u b l i m e d under 0-003 Hg. a t 120°C., g i v i n g y e l l o w 9 - n - b u t y l -
- 1.62 
1 . 2 . 3 . 4 . 5 . 6 . 7 . 0 - o c t a c h l o r o a c r i d a n . ( Y i e l d =-. 0-2g. , 10%). M.p. 139-l4l°C. 
(Found: C, 39*6; H, 2-31; C i , 55-4%. c - j 7 N H 1 i C : i 8 r e c l u i r < ? s c 5 39-81; 
H } 2*16; C l , 55*30%). The mass spectrum gave no p a r e n t peak. I n f r a - r e d 
s p ectrum No. 1.2. N.M.R. spectrum No. 3. 
( i i ) R e a c t i o n w i t h Phenyl Magnesium Bromide. B o t h b e f o r e and d u r i n g 
t h i s r e a c t i o n t h e a p p a r a t u s was c o n t i n u o u s l y p u r g e d w i t h d r y n i t r o g e n gas. 
Magnesium ( l * 0 g . , 41*6 mmole) and d r y e t h e r (10O m l . ) were p l a c e d i n a f l a s k 
f i t t e d w i t h a m a g n e t i c s t i r r e r , condenser, d r o p p i n g f u n n e l and gas i n l e t . 
A s o l u t i o n o f bromobenzene (6-5g., 41*5 mmole) i n d r y e t h e r (50 ml.) was 
added a t such a r a t e as t o m a i n t a i n a s t e a d y r e f l u x . A f t e r a d d i t i o n was 
c o m p l e t e , s t i r r i n g and r e f l u x i n g were c o n t i n u e d f o r ^ h. N o n a c h l o r o a c r i d i n e 
(2«0g. 4*1 mmole) was t h e n added, and s t i r r i n g and r e f l u x i n g were c o n t i n u e d 
f o r a n o t h e r 2 h. D i l u t e h y d r o c h l o r i c a c i d was added t r t h e c o o l e d m i x t u r e 
p r o d u c e d u n t i l e f f e r v e s c e n c e had ceased, and t h e s o l i d , was f i l t e r e d o f f . 
T h i s was unchanged n o n a c h l o r o a c r i d i n e . ( i d e n t i f i e d by a co m p a r i s o n o f i t s 
i n f r a - r e d spectrum w i t h t h a t o f an a u t h e n t i c sample f r o m 2.2,A). 
B. R e a c t i o n o f N o n a c h l o r o p h e n a n t h r i d i n e w i t h n - B u t y l L i t h i u m 
The a p p a r a t u s was c o n t i n u a l l y p u r g e d w i t h d r y n i t r o g e n gas, b o t h b e f o r e 
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and d u r i n g t h i s r e a c t i o n . N o n a c h l o r o p h e n a n t h r i d i n e (2-0g, 4*1 .mmole) 
and d r y e t h e r (150 ml.) were p l a c e d i n a f l a s k f i t t e d w i t h a m a g n e t i c s t i r r e r , 
g a s - t a p , condenser and d r o p p i n g f u n n e l . A 2»GM s o l u t i o n o f n - b u t y l l i t h i u m 
i n n-hexane (3 m l . , 6'0 mmole) was added and t h e m i x t u r e was s t i r r e d and 
r e f l u x e d f o r 3 h. A f t e r c o o l i n g t o room t e m p e r a t u r e , N - h y d r o c h l o r i c a c i d 
(10 ml.) was c a u t i o u s l y added and s t i r r i n g was c o n t i n u e d o v e r n i g h t . The 
r e s u l t i n g s o l i d was f i l t e r e d o f f , and was unchanged n o n a c h l o r o p h e n a n t . h r i d i n e . 
( I d e n t i f i e d by a co m p a r i s o n o f i t s i n f r a - r e d spectrum w i t l i t h a t o f an 
a u t h e n t i c sample f r o m 2.2.B). 
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3.5 O x i d a t i o n and R e d u c t i o n R e a c t i o n s 
A. Nonach1oro a c r i d i n e 
( i ) O x i d a t i o n . N o n a c h l o r o a c r i d i n e ( l » 0 g . , 2-0 mmole), g l a c i a l a c e t i c 
a c i d (20 m l . ) and c o n c e n t r a t e d s u l p h u r i c a c i d (25 ml.) were s t i r r e d t o g e t h e r 
and c o o l e d t o 0°C. A 90% s o l u t i o n o f hydrogen p e r o x i d e (2 m l . , 53 mmole) 
was s l o w l y added w i t h v i g o r o u s s t i r r i n g . S t i r r i n g was c o n t i n u e d a t 0°C f o r 
1 h. and t h e n a t room t e m p e r a t u r e f o r 48 h. The r e s u l t i n g m i x t u r e was 
p o u r e d o n t o i c e - w a t e r (200 m l . ) , w h i c h was v i g o r o u s l y s t i r r e d . The g r e e n 
s o l i d , f i l t e r e d o f f , was o c t a c h l o r o - 9 - a c r i d a n o n e . ( I d e n t i f i e d by a 
comparison o f i t s i n f r a - r e d spectrum w i t h t h a t o f an a u t h e n t i c sample f r o m 
3.2.A . U ) ) . . 
( i i ) R e d u c t i o n w i t h L i t h i u m A luminium H y d r i d e . N o n a c h l o r o a c r i d i n e 
( l ' 0 g . , 2«0 mmole) and d r y e t h e r (150 ml.) were c o o l e d t o 0°C, and s t i r r e d i 
a f l a s k w h i c h had been w e l l d r i e d and was c o n t i n u o u s l y p u r g e d w i t h dry-
n i t r o g e n gas. L i t h i u m a l u m i n i u m h y d r i d e (0'5g-, 13"1 mmole) was added and 
s t i r r i n g was c o n t i n u e d a t 0°C f o r 2 h. The r e s u l t a n t m i x t u r e was a l l o w e d 
t o s t a n d o v e r n i g h t , and t h e n a m i x t u r e o f w a t e r (5 ml.) and c o n c e n t r a t e d 
s u l p h u r i c a c i d (5 ml.) was added v e r y s l o w l y and c a u t i o u s l y . The g r e e n 
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s o l i d p r o d u c e d was f i l t e r e d o f f . T h i s was a complex m i x t u r e , c h i e f l y 
c o n t a i n i n g q u i t e e x t e n s i v e l y r e d u c e d a c r i d i n e s and a c r i d a n s . ( i d e n t i f i e d 
by t h e mass spectrum. P a r e n t peaks a t 487 w i t h n i n e c h l o r i n e atoms, 451 
w i t h e i g h t c h l o r i n e atoms, and so o n ) . 
( i i i ) R e d u c t i o n w i t h Sodium B o r o h y d r i d e . N o n a c h l o r o a c r i d i n e (2-0g., 
4*1 mmole) and sodium b o r o h y d r i d e ( l ' O g . 26-3 mmole) were r e f l u x e d i n d r y 
e t h e r (150 m l . ) f o r h. The y e l l o w s o l i d p r o d u c e d was f i l t e r e d o f f , 
and i t was unchanged n o n a c h l o r o a c r i d i n e . ( i d e n t i f i e d by a co m p a r i s o n o f 
i t s i n f r a - r e d spectrum w i t h t h a t o f an a u t h e n t i c sample from 2.2.A). 
B. O x i d a t i o n o f Oct a c h l o r o - 9 - a c r i d a . ' i o r i e 
O c t a c h l o r o - 9 - a c r i d a n o n e (2-0g., 4'3 mmole) and g l a c i a l a c e t i c a c i d 
(50 ml.) were s t i r r e d together-. A s o l u t i o n o f p o t a s s i u m d i c h r o m a t e (2-0g« 
8>1 mmole) i n g l a c i a l a c e t i c a c i d (150 ml.) was s l o w l y added, and t h e 
r e s u l t i n g m i x t u r e was r e f l u x e d f o r h. The r e s u l t a n t was c o o l e d , added 
t o w a t e r (300 ml.) and t h e s o l i d was f i l t e r e d o f f . T h i s was unchanged 
o c t a c h l o r o - 9 - a c r i d a n o n e . ( i d e n t i f i e d by a c o m p a r i s o n o f i t s i n f r a - r e d 
spectrum w i t h t h a t o f an a u t h e n t i c sample from 3 . 2 . A . ( i ) ) . 
3.6 P y r o l y s i s and P h o t o l y s i s R e a c t i o n s 
A. P h o t o l y s i s o f N o n a c h l o r o a c r i d i n e i n M e t h a n o l 
N o n a c h l o r o a c r i d i n e (1-Og.) and d r y methanol (20 ml.) were p l a c e d i n 
a p y r e x C a r i u s t u b e , w h i c h was e v a c u a t e d and t h e n l e t down t o an atmosphere 
o f d r y n i t r o g e n gas severs.;, t i m e s , t o de-gas t h e solvent.. F i n a l l y t h e 
t u b e was ev a c u a t e d and s e a l e d . I t was t h e n i r r a d i a t e d w i t h u l t r a - v i o l e t 
l i g h t (500 w a t t , medium-pressure mercury lamp) f o r 66 h. 
The t u b e was t h e n c o o l e d , opened, and t h e c o n t e n t s washed o u t w i t h 
m e t h a n o l . The s o l i d w h i c h was f i l t e r e d o f f was unchanged n o n a c h l o r o a c r i d i n e 
( I d e n t i f i e d by a co m p a r i s o n o f i t s i n f r a - r e d spectrum w i t h t h a t o f an 
t 
a u t h e n t i c sample f r o m 2.2.A). 
B. P y r o l y s i s o f 0 c t a c h l o r o - 9 - a c r i d a n o n e 
( i ) Under A t m o s p h e r i c P r e s s u r e . O c t a c h l o r o - 9 - a c r i d a n o n e (0«5g.) was 
h e a t e d a t 260°C f o r 18 h. i n a t e s t t u b e , w h i l e a g e n t l e s t r e a m o f d r y 
n i t r o g e n gas was passed s l o w l y i n t o t h e t u b e . The r e s u l t i n g s o l i d was 
r e c r y s t a l l i s e d from c h l o r o b e n z e n e and gave unchanged o c t a c h l o r o - 9 - a c r i d a n o n e . 
( I d e n t i f i e d by a co m p a r i s o n o f i t s i n f r a - r e d s pectrum w i t h t h a t o f an 
a u t h e n t i c sample from 3 . 2 . A . ( i ) ) . 
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(:i.i) I n an A u t o c l a v e . 0 c t a c h l o r o ~ 9 - a c r i d a n o n e (5g.) v a s s e a l e d i n 
an a u t o c l a v e , w h i c h was e v a c u a t e d , h e a t e d a t 400°C f o r 5 h., and t h e n 
a l l o w e d t o c o o l . V o l a t i l e s , which were a l l gaseous a t room t e m p e r a t u r e , 
were t r a n s f e r r e d o u t , under vacuum i n t o a c o l d t r a p . 
The a u t o c l a v e was t h e n l e t down t o an atmosphere o f d r y n i t r o g e n gas, 
opened, and t h e r e s i d u e was r e c r y s t a l l i s e d from c h l o r o b e n z e n e t o g i v e a 
degraded orange s o l i d . 
C. P h o t o l y s i s o f O c t a c h l o r o - 9 - a c r i d a n o n e 
( i ) I n an I n e r t S o l v e n t . 0 c t a c h l o r o - 9 - a c r i d a n o n e (0«2g.) was 
d i s s o l v e d i n d r y benzene (200 ml,) and t h e s o l u t i o n was p l a c e d i n a s i l i c a 
t u b e , f i t t e d w i t h a gas b u b b l e r . The t u b e was i r r a d i a t e d w i t h l i g h t f r o m 
a 300 nm lamp f o r 60 h. The s o l v e n t was t h e n removed from t h e m i x t u r e , t o 
l e a v e unchanged o c t a c h l o r o - 9 - a c r i d a n o n e . ( I d e n t i f i e d by a c o m p a r i s o n o f 
i t s i n f r a - r e d spectrum w i t h t h a t o f an a u t h e n t i c saimple f r o m 3»2.A,'. i ) ) . 
( i i ) I n I s o p r o p a n o l . 0 c t a c h l o r o - 9 - a c r i d a n o n e (2'0g.) and i s o p r o p a n o l 
(40 ml.) were s e a l e d i n a p y r e x C a r i u s t u b e , w h i c h was e v a c u a t e d and t h e n 
i r r a d i a t e d w i t h u l t r a - v i o l e t l i g h t (500 w a t t , medium-pressure mercury lamp) 
f o r 17 h. The t u b e was t h e n c o o l e d , opened, and t h e s o l i d was f i l t e r e d o f f . 
4 
T h i s was unchanged o c t a c h l o r o - 9 - a c r i d a n o n e , ( I d e n t i f i e d by a c o m p a r i s o n 
o f i t s i n f r a - r e d s pectrum w i t h t h a t o f an a u t h e n t i c sample f r o m 3 . 2 . A . ( i ) ) . 
D. P y r o l y s i s o f N o n a c h l o r o p h e n a n t h r i d i n e 
N o n a c h l o r o p h e n a n t h r i d i n e (0«5g.) was passed, under vacuum, t h r o u g h a 
s i l i c a t u b e h e a t e d t o 800°C, and t h e p r o d u c t was c o l l e c t e d i n a c o l d t r a p . 
The orange s o l i d p r o d u c e d was t e n t a t i v e l y i d e n t i f i e d as n o n a c h l o r o b i p h e n y l -
2-cyanide. M o l e c u l a r w e i g h t 485 w i t h n i n e c h l o r i n e atoms. I n f r a - r e d 
spectrum No. 13, shows weak n i t r i l i c a b s o r b t i o n s . 
An a t t e m p t was made t o h y d r o l y s e t h e p r o d u c t . I t was s t i r r e d w i t h 
w a t e r (5 ml.) and c o n c e n t r a t e d s u l p h u r i c a c i d (15 ml.) a t 80°C f o r 16 h. 
- 166 
The s o l i d was f i l t e r e d o f f and washed w e l l w i t h w a t e r , The i d e n t i t y o f 
t h i s s o l i d was u n c e r t a i n . 
4. E x p e r i m e n t a l f o r C h a p t e r I V - N u c l e o p h i l i c S u b s t i t u t i o n s i n H e p t a c h l o r o -
-j 3 
q u i n o l i n e and H e p t a c h l o r o i s o r i u i n o l i n e : - - The use o f C N.M.R. i n 
Assignment o f O r i e n t a t i o n 
4.1 R e a c t i o n s w i t h S i m p l e N u c l e o p h i l e s 
A. H e p t a c h l o r o q u i n o 1 i ne 
( i ) One E q u i v a l e n t o f M e t h o x i d e I o n . Sodium (0»06g., 2'60 inmole) was 
d i s s o l v e d i n dz-y methanol (5 ml.) and t h i s s o l u t i o n was added t o a s u s p e n s i o n 
o f h e p t a c h l o r o q u i n o l i n e (l'OOg., 2-?0 mmole) i n d r y methanol (25 m l . ) . T h i s 
m i x t u r e was s t i r r e d a t room t e m p e r a t u r e f o r 2 h., t h e n p o u r e d o n t o w a t e r 
(50 m l . ) and t h e s o l i d was f i l t e r e d o f f . 
T h i n l a y e r c h r o m a t o g r a p h y , u s i n g p e t r o l e u m 4-0--60° as e l u u n t . showed t h a t . 
t h e r e were f o u r components i n t h i s s o l i d , one o f w h i c h had t h e same R„ v a l u e 
as h e p t a c h l o r o q u i n o l i n e , and a n o t h e r o f w h i c h was o n l y p r e s e n t i n v e r y s m a l l 
amounts, Samples o f each o f t h e t h r e e m a j o r components were o b t a i n e d by 
s e p a r a t i o n by column chromatography u s i n g s i l i c a ( S i l i c AR CC-7, 100-200 mesh 
2 
M a l l i n c k r o d t Chemical Works) as s o l i d phase i n a 40 cm x 3 cm column and 
p e t r o l e u m 40-60° as e l u a n t . The component w i t h t h e same R„ v a l u e as h e p t a -
c h l o r o q u i n o l i n e was, i n d e e d h e p t a c h l o r o q u i n o l i n e . ( i d e n t i f i e d by a 
c o m p a r i s o n o f i t s i n f r a - r e d spectrum w i t h t h a t o f t h e s t a r t i n g m a t e r i a l ) . 
One o t h e r component was p e n t a c h l o r o d i m e t h o x y q u i n o l i n e . ( i d e n t i f i e d by a 
c o mparison o f i t s i n f r a - r e d spectrum w i t h t h a t o f an a u t h e n t i c sample from 
4 . 1 . A . ( i i ) ) . 
The t h i r d component was r e c r y s t a l . V i s e d from a c e t o n e , t o g i v e a hexa-
c h l o r o m e t h o x y q u i n o l i n e ( p r o b a b l y h e x a c h l o r o - 2 - m e t h o x y q u i n o l i n e ) . ( Y i e l d = 
0 - l 5 g . , 1 5 % ) . M.p. 198-1.99°C. (Found: C, 32-5; N, 3-4-, H, 1-2; C l , 
58-1%.. c 1 o N H 3 O C l G r e < 3 u i r e s c> 32-82; N, 3*84; K, 0-83; C l , 58-01%). 
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M o l e c u l a r w e i g h t = 363 w i t h s i x c h l o r i n e atoms. I n f r a - r e d s p e c t r u m No. 14. 
N.M.R. spectrum No. 4. 
( i i ) Two E q u i v a l e n t s o f M e t h o x i d e I o n . Sodium (0-12g. 5*20 mmole) 
was d i s s o l v e d i n d r y methanol (5 m l . ) , and t h i s s o l u t i o n was added t o a 
su s p e n s i o n o f h e p t a c h l o r o q u i n o l i n e ( l - 0 0 g . , 2-70 mmole) i n d r y m e thanol (40 ml 
The m i x t u r e was r e f l u x e d f o r 24 h., added t o w a t e r (50 m l . ) and t h e s o l i d was 
f i l t e r e d o f f . T h i n l a y e r c hromatography, u s i n g p e t r o l e u m 40-60° as e l u a n t , 
showed one m a j o r component, w i t h t h e same R v a l u e as one o f t h e components 
fr o m t h e r e a c t i o n w i t h one e q u i v a l e n t o f methoxide i o n . T h i s was p u r i f i e d 
by column chromatography, u s i n g c o n d i t i o n s as i n ( i ) , b u t w i t h t h e column 
20 cm. l o n g , and by r e c r y s t a l l i s a t i o n f r o m a c e t o n e , t o g i v e p u r e p e n t a c h l o r o -
dime t h oxy qu i no l i n e ( p r o b a b l y p e i i t a c h l o r o - 2 , 4 - d i i : i e t h o x y q i . i i n o . l i n e ) , ( Y i e l d -
0-28g., 28%). M.p, 192-193°C. (Found: C, 36-6; N, 3-6; H, 2-0%. 
C NH.0 C l r r e q u i r e s C, 36-55*, H, 3*88; H 1-67%). M o l e c u l a r w e i g h t = 
J. J. O i~i J 
359 w i t h f i v e c h l o r i n e atoms. I n f r a - r e d spectrum No. 15. N.M.R. spectrum 
No. 5. 
( i i i ) D j e t h y l a m i n e . H e p t a c h l o r o q u i n o l i n e ( l - O g . ) was r e f l u x e d w i t h 
d i e t h y l a m i n e (40 m l.) f o r 24 h. The excess d i e t h y l a m i n e was t h e n removed 
from t h e p r o d u c t and t h e r e s u l t i n g s o l i d , w h i c h was shown by t h i n l a y e r 
c hromatography, u s i n g p e t r o l e u m 40-60° as e l u a n t , t o be. a l m o s t one component 
o n l y , was r e c r y s t a l l i s e d f r o m a c e t o n e t o g i v e y e l l o w c r y s t a l s o f h e x a c h l o r o - 2 -
d i e t h y l a m i n o q u i n o l i n e . ( Y i e l d = 0-5g., 4 5 % ) . M.p. 77-78°C. (Found: 
C, 38-5; N, 6-7; H, 2-7; C l , 52-8%. C i 3 N 2 H J O C 1 6 r G c l u i r e s c , 38-37; 
N, 6-685 H , 2-48; C l , 52-27%). M o l e c u l a r w e i g h t = 404 w i t h s i x c h l o r i n e 
atoms. I n f r a - r e d spectrum No. 16. N.M.R, s p e c t r a Nos. 6 and ' ] . 
B. H e p t a c h l o r o i s o q u i n o l i n e 
( i ) M e t h o x i d e I o n . Sodium (0-06g., 2-60 mmole) was d i s s o l v e d i n d r y 
methanol (5 m l . ) , and t h e s o l u t i o n was added t o a su s p e n s i o n o f h e p t a c h l o r o -
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i s o q u i n o l i n e (l-OOg., 2*70 mmole) i n d r y methanol (40 m l . ) . The r e s u l t i n g 
m i x t u r e was s t i r r e d and r e f l u x e d f o r 16 h. The s o l i d t h a t was f i l t e r e d o f f 
was shown t o be e s s e n t i a l l y a s i n g l e component, by t h i n l a y e r c h r o m a t o g r a p h y , 
u s i n g p e t r o l e u m 40-60° as e l u a n t . T h i s s o l i d was r e c r y s t a l l i s e d from 
acetone t o g i v e h e x a c h l o r o - l - m e t h o x y i s o q u i n o l i n e . ( Y i e l d = 0»l6g., 1 6 % ) . 
M.p. 158-l60°C. (Found: C, 32-9; N } 3'8; H, 0-9; C I , 5?-5%. 
C 1 0 N H 3 O C l 6 r e < l u i r e s c > 32*82; N, 3-83; H, 0»83; C i , 58-01%), M o l e c u l a r 
w e i g h t = 363 w i t h s i x c h l o r i n e atoms. I n f r a - r e d s p ectrum No. 17. N.M.R. 
s p e c t r a Nos. 8 and 9. 
I n an a t t e m p t t o o b t a i n d i s u b s t i t u t i o n , sodium (0»12g., 5"20 mmole) was 
d i s s o l v e d i n d r y methanol (5 ml.) and t h e s o l u t i o n was added t o a s u s p e n s i o n 
o f h e p t a c h l o r o i s o q u i n o l i n e (l-OOg., 2-70 mmole) i n d r y m e t h a n o l (40 m l . ) . 
The r e s u l t i n g m i x t u r e was s t i r r e d and r e f l u x e d f o r a week, and t h e n t h e s o l i d 
was f i l t e r e d o f f . T h i s was h e x a c h l o r o - l - m e t h o x y i s o q u i i i o l i n e . ( i d e n t i f i e d 
by a com p a r i s o n o f i t s i n f r a - r e d spectrum w i t h t h a t o f t h e sample o b t a i n e d 
a b o v e ) . 
( i i ) D i e t h y l a m i n e . H e p t a c h l o r o i s o q u i n o l i n e (0*9g., 2*5 mmole) was 
s t i r r e d and r e f l u x e d w i t h d i e t h y l a m i n e (50 ml.) f o r 24 h. T h i n l a y e r 
c hromatography, u s i n g p e t r o l e u m 40-60 as e l u a n t , showed t h a t t h e m a t e r i a l 
f i l t e r e d o f f was e s s e n t i a l l y one component. T h i s was r e c r y s t a l l i s e d f r o m 
a c etone t o g i v e y e l l o w c r y s t a l s o f h e x a c h l o r o d i e t h y l a m i n o i s o q u i n o l i n e ( p r o b a b l y 
h e x a c h l o r o - l - d i e t h y l a m i n o i s o q u i n o i i n e ) . ( Y i e l d = 0»3g., 2 7 % ) . M.p. I l 6 -
118°C. (Found: C, 38-6; N, 7*1; H, 2-8; C I 51'9%. C N H C I . 
r e q u i r e s C, 38*37; N, 6*68; H, 2-48; C l . 52*27%). M o l e c u l a r w e i g h t = 404 
w i t h s i x c h l o r i n e atoms. I n f r a - r e d spectrum No. 18. N.M.R. spec t r u m No. 10. 
4.2 R e a c t i o n s o f H e p t a c h l o r o q u i n c l i n e w i t h S u l p h u r N u c l e o p h i l e s 
I n t h e r e a c t i o n w i t h sodium d i s u l p h i d e , a s o l u t i o n o f sodium d i s u l p h i d e 
was p r e p a r e d by a d d i n g h y d r a t e d sodium s u l p h i d e (3*J-9«, 12-9 mmole) and t h e n 
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s u l p h u r ( 0 « 4 g . , 12-5 mmale) t o r e f l u x i n g e t h a n o l ( V j m l . ) . T h i s s o l u t i o n 
was added, w h i l e warm, t o a r e f l u x i n g s u s p e n s i o n o f h e p t a c h i o r o q u i n o l i n e 
( 3 * 0 g . , 8 -2 mmole) i n e t h a n o l (100 ml.) o v e r 2 h., and t h e n r e f l u x i n g was 
c o n t i n u e d f o r 3 h., w h i l e t h e m i x t u r e was s t i r r e d . 
A f t e r c o o l i n g , t h e s o l i d was f i l t e r e d o f f and washed w e l l w i t h w a t e r ; 
t h i s was unchanged h e p t a c h l o r o q u i n o l i n e . ( I d e n t i f i e d by a com p a r i s o n o f 
i t s i n f r a - r e d spectrum w i t h t h a t o f t h e s t a r t i n g m a t e r i a l ) . 
I n t h e r e a c t i o n w i t h e l e m e n t a l s u l p h u r , h e p t a c h l o r o q u i n o l i n e ( 2 - 0 g . , 
5*5 mmole) and s u l p h u r ( 2 - 0 g . , 65 mmole) were w e l l mixed, and h e a t e d a t 
320°C f o r \ h. i n a t e s t t u b e , w h i l e a g e n t l e , s t r e a m o f d r y n i t r o g e n gas 
was passed i n t o t h e t u b e . A f t e r c o o l i n g , excess s u l p h u r was removed by 
s u b l i m a t i o n under vacuum, and t h e r e s i d u e was r e c r y s t a l l i s e d f r o m c h l o r o -
benzene t o g i v e p a l e orang-i c r y s t a l s o f 2 . 3 , 6 , 7 , 8 - p e n t a c h l o r o q u i n o - [ 4 , 5 - c d . l -
1 , 2 - d i t h i o l e . ( Y i e l d = 0>8g . , 41%). M.p. 156-158 UC. (Found: C, 29-3%. 
C NS C l r e q u i r e s C, 29'74%. I n g e n e r a l a n a l y s i s was poor because o f 
9 2 5 
under o x i d a t i o n ( i n t h e case o f CHN) and because o f i n t e r f e r e n c e between 
s u l p h u r and c h l o r i n e ) . M o l e c u l a r w e i g h t = 361 w i t h f i v e c h l o r i n s atoms. 
I n f r a - r e d spectrum No. 19-
4 .3 R e a c t i o n o f H e p t a c h l o r o q u i n o l i n e w i t h n - B u t y l L i t h i u m 
B e f o r e use, a l l t h e a p p a r a t u s was r i n s e d w i t h acetone and t h o r o u g h l y 
d r i e d i n an oven. B o t h b e f o r e and d u r i n g t h e r e a c t i o n , t h e a p p a r a t u s was 
c o n t i n u a l l y p u r g e d w i t h d r y n i t r o g e n gas. H e p t a c h l o r o q u i n o l i n e ( l « 0 g . } 
2-7 mmole) and d r y e t h e r (100 ml.) were p l a c e d i n a f l a s k f i t t e d w i t h magnet 
s t i r r e r , gas i n l e t , condenser and d r o p p i n g f u n n e l . The f l a s k was c o o l e d t o 
-78°C, and t h e c o n t e n t s were s t i r r e d . A 2«0M s o l u t i o n o f n - b u t y l l i t h i u m i 
n-hexane ( 2 ml, 4*0 mmole) was s l o w l y added, and s t i r r i n g was c o n t i n u e d a t 
-78°C f o r 3 h« N - H y d r o c h l o r i c a c i d ( 1 0 ml.) was t h e n s l o w l y added, and 
st i . r r i . n c j was c o n t i n u e d w h i l e t h e m i x t u r e was a l l o w e d t o warm t o room 
t e m p e r a t u r e . 
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The e t h e r l a y e r was s e p a r a t e d f r o m t h e r e s u l t i n g m i x t u r e , and t h e 
s o l v e n t was removed t o l e a v e a brown o i l . T h i n l a y e r chromatography u s i n g 
p e t r o l e u m 4 0 - 6 0 ° as e l u a n t , showed t h i s t o be a v e r y complex m i x t u r e . 
4 . 4 R e a c t i o n s o f O c t a c h l o r o n a p h t h a l e n e 
A. Meth o x i d e I o n 
Sodium ( O ' l g . , 4*4 mmole) was d i s s o l v e d i n d r y methanol (15 m l . ) and 
t h i s s o l u t i o n was s e a l e d i n a n i c k e l t u b e w i t h o c t a c h l o r o n a p h t h a l e n e ( 2 « 0 g . , 
4*9 mmole). The t u b e was r o t a t e d i n an o i l b a t h a t 200°C f o r 24 h. I t 
was t h e n c o o l e d , opened, and t h e c o n t e n t s were washed o u t w i t h m e t h a n o l . 
The s o l i d w h i c h was f i l t e r e d o f f was unchanged o c t a c h l o r o n a p h t h a l e n e . 
( I d e n t i f i e d by a comparison o f i t s i n f r a - r e d s pectrum w i t h t h a t o f t h e 
s t a r t i n g m a t e r i a l ) . 
B. Amines 
( i ) D i e t h y l a m i n e i n S u l p h o l a n e . O c t a c h l o r o n a p h t h a l e n e ( 4 ' 0 g . , 9*9 
minole), d i e t h y l a m i n e ( l » 0 g . } 14*9 mmole) and d r y s u l p h o l a n e (30 m l . ) were 
s t i r r e d t o g e t h e r a t 120°C f o r 40 h. The r e s u l t i n g s o l u t i o n was c o o l e d and 
mixed w i t h w a t e r (300 m l . ) . The s o l i d w h i c h was f i l t e r e d o f f was unchanged 
o c t a c h l o r o n a p h t h a l e n e . ( I d e n t i f i e d by a comparison o f i t s i n f r a - r e d 
spectrum w i t h t h a t o f t h e s t a r t i n g m a t e r i a l ) . 
( i i ) Excess D i e t h y l a m i n e . O c t a c h l o r o n a p h t h a l e n e ( l ' O g . 2-3 mmole) was 
s t i r r e d w i t h r e f l u x i n g d i e t h y l a m i n e (60 ml.) f o r 120 h. The r e s u l t i n g 
m i x t u r e was c o o l e d and added t o w a t e r (100 n i l . ) . A g r e y s o l i d was f i l t e r e d 
o f f w h i c h was a m i x t u r e o f c h l o r o h y d r o n a p h t h a l e n e s . ( I d e n t i f i e d by t h e 
mass spectrum. P a r e n t peaks a t 366 w i t h seven c h l o r i n e atoms, 332 w i t h s i x 
c h l o r i n e atoms, and so o n ) . 
( i i i ) t - B u t y l a m i n e . O c t a c h l o r o n a p h t h a l e n e ( 2 - 0 g . , 4*9 nimole) was 
s e a l e d w i t h t - b u t y l a m i n e (30 ml.) i n a n i c k e l t u b e , and t h e t u b e was r o t a t e d 
i n an o i l b a t h a t fJ0°C f o r 15 h. I t was t h e n c o o l e d , opened, and t h e 
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contents were washed out with methanol. The s o l i d f i l t e r e d o f f was a 
mixture of chlorohydronaphthalen.es and s t a r t i n g m a t e r i a l . ( I d e n t i f i e d by 
the mass spectrum. Parent peaks at 400 w i t h e i g h t c h l o r i n e atoms, 366 with 
seven c h l o r i n e atoms, and so on). 
( i v ) Ammonia. Octachloronaphthalene (2-Og.) -880d ammonia s o l u t i o n 
(10 ml.) and ethanol (20 ml.) were s e a l e d together i n a n i c k e l tube which 
was r o t a t e d i n an o i l bath a t l60°C f o r 24 h. The tube was cooled, opened, 
and the c o n t e n t s were washed out w i t h e t h a n o l . The s o l i d t h a t was f i l t e r e d 
o f f was a mixture of mostly heptachloronaphthalene and aminohexachloro-
riciphthalene. ( i d e n t i f i e d by the mass spectrum. Parent peaks a t 366 w i t h 
seven c h l o r i n e atoms, and 347 w i t h s i x c h l o r i n e atoms). 
T h i s m a t e r i a l was r«crystal 1 i sed from chloroform and sublimed under 0-01 
mm. Hg, at. 100°C to gi v e grey aminohcxachloronaphthalene. ( Y i e l d = 0«6g., 
35% ) . M.p. 201-203°C. (Found: C, 34-1;' C I , 6 l - 1%. C^NH C l 6 rcqviire?? 
C, 34-33; C l , 60«80%). Molecular weight = 347 w i t h s i x c h l o r i n e atoms. 
I n f r a - r e d spectrum No, 20. 
C. L i t h i u m Diethylamide 
A l l the apparatus was r i n s e d w i t h acetone and d r i e d thoroughly i n an 
4 
oven before use. Both before and during the r e a c t i o n , the apparatus was 
c o n t i n u a l l y purged with dry n i t r o g e n gas. Diethylamine ( l - O g . , 14«9 mmols) 
and dry e t h e r (20 ml.) were s t i r r e d and cooled to -78°C i n a f l a s k f i t t e d 
with a condenser, dropping f u n n e l , and gas i n l e t . A 2-OM s o l u t i o n of n-
b u t y l l i t h i u m i n n-hexane (8 ml., lo-0 mmcle) was s l o w l y added, and the 
r e s u l t i n g mixture was s t i r r e d a t -78°C f o r 2 h. Octachlorcnaphthalene 
(5*0g., 12«4 mmole) i n dry e t h e r (150 ml.) was p r e c o o l e d to ~7?>°C and then 
s l o w l y added. S t i r r i n g was continued a t t h i s temperature f o r 3 h. and then 
the mixture was allowed to warm to -30°C. 2N H y d r o c h l o r i c a c i d (25 ml.) was 
then s l o w l y added and s t i r r i n g wan; continued w h i l e the mixture was allowed to 
warm to room temperature. 
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The s o l i d , which was obtained by f i l t r a t i o n of the r e s u l t a n t , was 
unchanged octachloronaphthalene. ( I d e n t i f i e d by a comparison of i t s i n f r a -
red spectrum with t h a t of the s t a r t i n g m a t e r i a l . Recovery 5 % ) . 
The s o l v e n t was removed from the e t h e r l a y e r to give a b l a c k t a r which 
had broad a b s o r b t i o n s i n the i n f r a - r e d spectrum and was not i n v e s t i g a t e d 
any f u r t h e r . 
5. Experimental f o r Chapter V - P e r f l u o r o - 5 , 6 ,7,8-tetrahydro-quinoline and 
- i s o q u i n o l i r i e ; - The Mechanism of T h e i r Formation and Some of T h e i r 
P r o p e r t i e s 
5.1. M e c h a n i s t i c I n v e s t i g a t i o n s 
A. P r e p a r a t i o n of S t a r t i n g M a t e r i a l s 
5 y7 tQ-Tetrei- h l q r o h e p t f t f l u o r o q i i i n o l i n e . Hspts.fluorcquiholine 
(5'Og.j 19*6 mmole) was p l a c e d i n a pyrex C a r J u s tube and c h l o r i n e gas 
( l l i t r e , 44*7 mmole) was t r a n s f e r r e d i n t o t h e tube under vacuum. The tube 
was then s e a l e d under vacuum and i r r a d i a t e d w i t h u l t r a - v i o l e t l i g h t (500 watt, 
medium-pressure mercury lamp) f o r 48 h. 
The tube was cooled and opened, and the con t e n t s were washed out w i t h , 
and d i s s o l v e d i n e t h e r (200 m l . ) . The e t h e r s o l u t i o n was d r i e d with 
anhydrous magnesium sulph-.te, f i l t e r e d , and the s o l v e n t removed from the 
f i l t r a t e to l e a v e a y e l l o w o i l . Pure 5 , 6 , 7 , 8 - t e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e . 
a v i s c o u s y e l l o w l i q u i d , was obtained (by s u b l i m a t i o n under 0-005 mm. Hg. at 
100°C). ( Y i e l d = 5'3g«, 6 9 % ) . P u r i t y was demonstrated by vapour phase 
chromatography a t 250°C. ( I d e n t i f i e d by a comparison of i t s i n f r a - r e d 
222 ' 
spectrum with t h a t of a p r e v i o u s l y r e p o r t e d sample " ) . 
( i i ) 5 , 6 . 7 . 8 - T e t r a c h l o r o h e p t a f l u o r o i s o g u i i i o l i n e . H e p t a f l u o r i s o q u i n o l i n e 
(5'0g, , 19"6 nimole) was p l a c e d i n a pyrex C a r i u s tube and c h l o r i n e gas ( l l i t r e , 
44*7 mniol'e) was t r a n s f e r r e d i n t o the tube under vacuum. The tube was then 
s e a l e d under vacuum and i r r a d i a t e d with u l t r a - v i o l e t l i g h t (500 watt, medium-
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p r e s s u r e mercury lamp) f o r 96 h. The tube was then cooled and opened and 
the c o n t e n t s were washed out w i t h , and d i s s o l v e d i n e t h e r (200 m l , ) . The 
e t h e r was d r i e d w i t h anhydrous magnesium su l p h a t e and then f i l t e r e d ; the 
s o l v e n t was removed from the f i l t r a t e and s u b l i m a t i o n of the r e s i d u e under 
0-005 mm. Hg. a t 100°C gave 5 , 6 . 7 . 6 - t e t r a c h l o i - o h e p t a f l u o r o i s o q u i n o l i n e , a 
v i s c o u s y e l l o w l i q u i d . ( Y i e l d = 4-6g. } 60%). B.p. > 200°C. (Found: 
C, 28-0; F, 33*0%. C NF C l ( i r e q u i r e s C, 27-23; F, 33-47%). Molecular 
weight = 395 w i t h four c h l o r i n e atoms. I n f r a - r e d spectrum No. 21. K.M.R. 
spectrum No. 11. Vapour phase chromatography at 250°C showed one component. 
B. F l u o r i n a t i o n a t Atmospheric P r e s s u r e 
( i ) 5/', 7, 8 - T e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e . The f l u o . r i n a t i n g agent 
used was caesium f l u o r i d e doped with sulpholane. T h i s was prepared by 
p l a c i n g dry caesium f l u o r i d e (lOg.) and dry s u l p h o l s n e (20 ml.) i n one arm 
of a dry Schlenk tube which was purged w i t h dry n i t r o g e n . These r e a g e n t s 
were s t i r r e d t o gether and then f i l t e r e d through the s i n t e r . More of the 
sulpholane was removed from the s o l i d by h e a t i n g under vacuum and t h i s gave 
sulpholane doped caesium f l u o r i d e . 
A l l the apparatus was r i n s e d with acetone and thoroughly d r i e d i n an 
« 
oven before use. 5 , 6 , 7 . S - T e t r a c h l o r o h e p t a f l u o r o q u i n o l i n e (3*59-, 8*9 mmcle) 
arid sulpholane doped caesium f l u o r i d e (lOg., ~65 mmcle) were p l a c e d i n a 
c o n i c a l f l a s k f i t t e d w i t h a magnetic s t i r r e r , gas-tap, and v a r i a b l e volume 
r e s e r v o i r to a l l o w f o r expansion. The f l a s k was evacuated and l e t down to 
an atmosphere of dry n i t r o g e n gas, and then the contents were s t i r r e d a t J.60°C 
f o r 24 h. 
A f t e r c o o l i n g , the r e s i d u e was mixed with water (200 ml.) and chloroform 
(200 m l . ) , and the chloroform l a y e r was separated. The aqueous l a y e r was 
r e - e x t r a c t e d w i t h chloroform (2 x 100 m l . ) , and the combined chloroform 
l a y e r s were washed with water (3 -< 200 ml.) and d r i e d over anhydrous 
magnesium sulph a t e . A f t e r f i l t e r i n g , the s o l v e n t was removed from the 
- 174 -
f i l t r a t e to l e a v e a brown o i l . from which p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o -
q u i n o l i n e was obtained, as a c l e a r l i q u i d by vacuum t r a n s f e r . ( Y i e l d = 0- 3cj. 
10%). ( I d e n t i f i e d by a comparison o f i t s i n f r a - r e d spectrum with t h a t of 
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the sample obtained e a r l i e r J ) . 
( i i ) 5 . 6 , 7 . 8 - T e t r a c h l o r o h e p t a f l u o r o i s o q u i n o l i n e . T h i s f l u o r i n a t i o n was 
a l s o a c h i e v e d with sulpholane doped caesium f l u o r i d e as the reagent, and i t 
was prepared a s d e s c r i b e d i n ( i ) above. 
A l l the apparatus was r i n s e d with acetone and thoroughly d r i e d i n an 
oven before use. 5 , 6 , 7 , 8 - T e t r a c h l o r o h e p t a f l u o r o i s o q u i n c l i n e (4*0g., 10«1 
mmole) and sulpholane doped caesium f l u o r i d e ( l O g . , mmole) were p l a c e d 
i n a c o n i c a l f l a s k f i t t e d w i t h a magnetic s t i r r e r gas-tap and v a r i a b l e 
volume r e s e r v o i r to a l l o w f o r expansion. The apparatus was evacuated, let-
down to an atmosphere of dry n i t r o g e n gas, and then the contents were s t i r r e d 
a t l60°C f o r 24 h. A f t e r c o o l i n g the r e s i d u e was mixed w i t h chloroform 
(200 ml.) and water (200 m l . ) . The o r g a n i c l a y e r was separated, and the 
aqueous l a y e r was e x t r a c t e d with more chloroform (2 x 100 m l , ) . The combined, 
chloroform l a y e r s were washed thoroughly with water (3 x 200 ml.) and d r i e d 
w i t h anhydrous magnesium su l p h a t e . A f t e r f i l t e r i n g , the s o l v e n t was removed 
from the f i l t r a t e to l e a v e a brown o i l which was shown by vapour phase 
o 
chromatography a t 150 C to c o n s i s t of e s s e n t i a l l y two components. These were 
sep a r a t e d by p r e p a r a t i v e s c a l e vapour phase chromatography a t l60°C. The 
more v o l a t i l e o f the two components was p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s c q u i n o l i n e . 
( Y i e l d = 0»7g., 21 % ) , ( I d e n t i f i e d by a comparison of i t s i n f r a - r e d spectrum 
210 
w i t h t h a t of a sample obtained e a r l i e r ) , I n f r a - r e d spectrum No. 22, 
C. 1.2.3.4.5,6-Hexachlorohexafluorccyclohexane 
( i ) P r e p a r a t i o n . Hexafluorobenzene (5'0g., 26*9 mmole) wa3 p l a c e d i n 
a pyrex C a r i u s tube and c h l o r i n e gas (2 l i t r e s , 89*4 nimole) was t r a n s f e r r e d 
i n t o the tube under vacuum. The tube was then s e a l e d under vacuum and 
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i r r a d i a t e d with u l t r a - v i o l e t l i g h t (500 watt, medium-pressure mercury lamp) 
f o r 48 h. 
The tube was then cooled and opened, and the contents were d i s s o l v e d 
i n e t h e r (200 ml.). The e t h e r s o l u t i o n was washed w i t h aqueous sodium 
m e t a b i s u l p h i t e s o l u t i o n (2 x 100 ml.) and then d r i e d with phosphorus 
pentoxide. A f t e r f i l t e r i n g , the s o l v e n t was removed from the f i l t r a t e to 
l e a v e a s o l i d which was d i s t i l l e d under the reduced p r e s s u r e of a water 
pump a t 110°C, to gi v e l,2,3 s4,5,6-hexachlorohexafluorocyclohexa;ie, a waxy 
white s o l i d . ( Y i e l d = 3-6g., 3 5 % ) . M.p. 100-l02°C; l i t e r a t u r e v a l u e 
101-102°C. 2 1 5 
( i i ) R e a c t i o n with Sulpholane Doped Caesium F l u o r i d e . The doped 
caesium f l u o r i d e was prepared as i n 5«l.B.(i) above. The apparatus was a l l 
r i n s e d with acetone and thoroughly d r i e d i n an oven before use. 1,2,3,4,5 
Hexachlorohexafluorocyclohexane (3'0g,, 7*6 mmole) and sulpholane doped 
caesium f l u o r i d e (4'5g', ~30mmole) were p l a c e d i n a c o n i c a l f l a s k f i t t e d 
w i t h a magnetic s t i r r e r , gas-tap and v a r i a b l e volume r e s e r v o i r to a l l o w f o r 
expansion. The f l a s k was evacuated, l e t down to an atmosphere of dry 
n i t r o g e n gas^ and then the c o n t e n t s were s t i r r e d a t l60°C f o r 24 h. 
A f t e r c o o l i n g , the r e s i d u e was mixed w i t h dichlorc;:cthane (200 ml.) and 
water (200 m l . ) , and the o r g a n i c l a y e r was separated. The aqueous l a y e r 
was e x t r a c t e d with more dichloromethane (2 x 100 m l . ) , and the combined 
o r g a n i c l a y e r s were washed with water (3 x 200 m l . ) , and d r i e d with anhydrous 
magnesium sulph a t e . A f t e r f i l t e r i n g , the s o l v e n t was removed from the 
f i l t r a t e and l e f t unchanged 1,2,3,4,5,6-hexachlorohexafluorocyclohexane. 
( I d e n t i f i e d by a comparison of i t s i n f r a - r e d spectrum w i t h t h a t of the 
s t a r t i n g m a t e r i a l ) . 
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5.2 R e a c t i o n s of Per:!.'luoro-5 . 6.7. 8 - t e t r a h y d r o i s o q u i n o l i n e 
A. Fluor.!.nation with Cobalt T r i f l u o r i d e 
The f l u o r i n a t i o n was c a r r i e d out. i n a tube c o n t a i n i n g c o b a l t f l u o r i d e s , 
which were s t i r r e d by the r o t a t i o n of a paddle-screw t h a t passed along the 
l e n g t h of the tube. The c o b a l t f l u o r i d e s were i n i t i a l l y a l l converted to 
c o b a l t t r i f l u o r i d e by the passage of f l u o r i n e gas, f o r l£ h." through the 
tube w h i c h was heated to 280°C, from a f l u o r i n e generator o p e r a t i n g a t 10 amps. 
The tube was then purged w i t h dry n i t r o g e n gas and allowed to cool to 
120°C. P e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e (3'0g.) was then dripped 
i n t o the beginning of the tube and c a r r i e d along i t by a dry n i t r o g e n gas 
_ i 
f low of 200 ml.m . The products were c o l l e c t e d i n a c o l d t r a p f o r a t o t a l 
of 2 h, a f t e r the passage of r e a c t a n t through the tube was begun. 
(Recovery = l - 6 g . . 5 3 % ) . 
Vapour phase chromatography a t 78°C showed t h a t t h i s product was a 
complex mixture of seven components. Combined gas chromatography/mass 
spectrometry gave the molecular weights o f t h e s e components as 331, 331, 407, 
350, 388,426 and 449• These probably corresponded to the m o l e c u l a r 
formulae C ^ , C ^ , C ^ , C ^ , C ^ , C ? F . j 8 and Cy^. 
B. R e a c t i o n s with Methoxide Ion 
( i ) One E q u i v a l e n t of Methoxide Ion. P e r f l u d r o - 5 , 6 , 7 , 8 - t e t r a h y d r o -
i s o q u i n o l i n e (l'OOg., 3*02 mmole) was s t i r r e d w ith dry methanol (30 ml.) 
and sodium (0-07g., 3*04 mmole) was added. S t i r r i n g was continued a t room 
temperature f o r 2 h. The methanol was then removed, and t h e r e s i d u e was 
mixed w i t h water (50 ml.) and cyclohexane (50 m l . ) . The o r g a n i c l a y e r was 
s e p a r a t e d and d r i e d with anhydrous magnesium s u l p h a t e . A f t e r f i l t e r i n g , 
the s o l v e n t was removed from the f i l t r a t e and the r e s u l t i n g y e l l o w s o l i d 
was sublimed a t 70°C, under 0*005 mm Hg., to gi v e white 3-"'ethoxyperfluoro-
5^6,7 ,8-tctraliyriroi. spm.iinoline. ( Y i e l d r r . 0-&5g, , 6 3 % ) . M.p. 42-4.3°C. 
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(Found: C, 35-1; H. 1-3%. C 1 0 N H 3 ° 1 ? 1 0 r e c l u i r e s C j 35-00; II, 0-88%). 
Molecular weight = 343. I n f r a - r e d spectrum No. 23. N.M.R. s p e c t r a Nos. 
12 and 13. Vapour phase chromatography gave one component a t 240°C. 
( i i ) Two E q u i v a l e n t s of Methoxide Ion. P e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o -
i s o q u i n o l i n e ( l - 0 0 g . , 3-02 mmole) was s t i r r e d w ith dry methanol (30 nil.) 
and sodium (0-15g., 6*53 nmiole) was added. The r e s u l t i n g mixture was 
r e f l u x e d f o r 18 h, and then the s o l v e n t was removed. The r e s i d u e was shaken 
w i t h water (50 ml.) and cyclohexane (50 m l . ) , and the o r g a n i c l a y e r was 
sepa r a t e d and d r i e d with anhydrous mtignesium sul p h a t e . A f t e r f i l t e r i n g , 
the s o l v e n t was removed from the f i l t r a t e t o lea v e a y e l l o w s o l i d , which was 
shown by vapour- phase chromatography a t 240°C to be a mixture of two 
components. The mo.r;t v o l a t i l e , minor, component had the same r e t e n t i o n time 
as 3-!iiethoxyperfluoro-5,6,7,8-tetrahydroisoquinoline, 
The major, l e s s v o l a t i l e component was sep a r a t e d by p r e p a r a t i v e s c a l e 
vapour phase chromatography a t 250°C. T h i s was white 1 t3-dimethoxyperfluoro-
5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e . ( Y i e l d = 0-35g. , 3 3 % ) . M.p. 56-57°C. 
(Found: C, 37-2; N, 4-3; H, 1 • 3%. C i i N H 6 ° 2 F 9 r e < A u i r e s C > 37-20; 
N, 3-94; H,. 1-70%). Molecular weight = 355. I n f r a - r e d spectrum No. 24. 
N.M.R. s p e c t r a Nos. 14 and 15. 
C. R e a c t i o n with Diethylamine 
P e r f luqro-5 , 6 , 7 , 8 - t e t r a l i y d r o i s o q u i n o l i n e (2-OOg. , 6*04 mmole) was 
s t i r r e d w i t h ethanol (30 ml.) and diethylamine (0'44g., 6-03 mmole) was 
added. The r e s u l t i n g mixture was s t i r r e d a t room temperature f o r 18 h., 
and then the s o l v e n t was removed, l e a v i n g a y e l l o w o i l . T h i s was shaken 
w i t h water (50 ml.) and cyclohexane (50 ml.) and the o r g a n i c l a y e r was 
sepa r a t e d and d r i e d w i t h anhydrous magnesium s j l p h a t e . A f t e r f i l t e r i n g , 
the s o l v e n t was removed from t h e f i l t r a t e tr.; loave a yel l o w o i l , which was 
sublimed a t 70 C under 0*005 mm. Hg, The vapour phase chromatograph a t 
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250 C showed t h a t two components were p r e s e n t i n the r e s u l t i n g m a t e r i a l . 
P r e p a r a t i v e s c a l e vapour phase chromatography a t 250°C, gave 3 - d i e t h y l -
a m i n o p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e . the l e s s v o l a t i l e component 
as a y e l l o w l i q u i d . ( Y i e l d = 0-46g., 2 0 % ) . B.p. > 200°C. (Found: 
C, 40-2; N, 6«8%. C 1 3 N 2 H t o F 1 0 r e 1 u i r e s C> zi°'64; N, 7'29%). Molecular 
weight = 384. I n f r a - r e d spectrum No. 25. N.M.R. s p e c t r a Nos. 1.6 and 17. 
R. Reaction with Hexafluoropropene i n the Presence of F l u o r i d e I o n 
A l l the apparatus was r i n s e d with acetone and thoroughly d r i e d i n an 
oven before use. P e r f l u o r o - 5 , 6 , 7,8-tetrahydroisoquino.l.ine (2«0g., 6-1 mmole 
dry caesium f l u o r i d e (5'Og.. 32*0 mmole) and dry sulpholane (20 nil.) were 
s t i r r e d together i n a c o n i c a l f l a s k , f i t t e d with a gas-tap and v a r i a b l e 
volume r e s e r v o i r . The apparatus was evacuated and then f i l l e d with hexa-
fluoropropene ( l 3 * 0 g . 86*c- inmole). The r e s u l t i n g mixture was s t i r r e d a t 
room temperature f o r 2,\ h. . by which time a l l the gas had been used up. 
V o l a t i l e s were, then t r a n s f e r r e d out of the r e a c t i o n mixture, under vacuum, 
i n t o a c o l d t r a p . The m a t e r i a l obtained was p e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o -
1 , 3 - b i s i s o p r o p y l i s o q u i n o l i n e , a c o l o u r l e s s l i q u i d . ( Y i e l d = l - 6 g . , 42%), 
B.p. 122°C. ( M i c r o - a n a l y s i s gave i n c o n s i s t e n t r e s u l t s , probably because 
of l o s s of f l u o r i n a t e d o l e f i n from the s i d e c h a i n s without o x i d a t i o n ) . 
Molecular weight = 631. I n f r a - r e d spectrum No. 26. N.M.R. spectrum No. 18 
Vapour phase chromatography a t 150°C and 250°C showed one component. 
E. R e a c t i o n s with Hydrazine 
The u n s t a b l e hydrazino d e r i v a t i v e was prepared i n the f o l l o w i n g way. 
P e r f luoro-5,6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e (2*0rj. 6»1 mmole) was s t i r r e d w i t h 
ethanol (50 nil.) a t 0°C, and a 60% s o l u t i o n of hydrazine hydrate ( l ' 0 g . , 
12 mmole) was ridded. S t i r r i n g was continued a t 0°C f o r 2 h. . the s o l i d 
was f i l t e r e d o f f and the s o l v e n t was removed from the f i l t r a t e to lea v e a 
t a r r y brown m a t e r i a l . From i t s f u r t h e r r e a c t i o n s , t h i s m a t e r i a l seemed to 
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c o n t a i n 3-hydrazino-perfluoro-5,6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e . 
The impure bromo d e r i v a t i v e was prepared as f o l l o w s . The .residue of 
hydrazino compound was added, over h a l f an hour-, to a s t i r r e d s o l u t i o n of 
c u p r i c bromide (8-0g.) i n 50% hydrobromic a c i d (30 ml.) a t room temperature. 
S t i r r i n g was continued f o r another h a l f hour and then the r e s i d u e was mixed 
with w£iter (100 ml.) and ether (150 m l . ) . The e t h e r l a y e r was separated, 
and the aqueous l a y e r r e - e x t r a c t e d w i t h e t h e r (100 ml.). The combined 
e t h e r l a y e r s were d r i e d over anhydrous magnesium su l p h a t e and then f i l t e r e d . 
The s o l v e n t was removed from the f i l t r a t e , l e a v i n g a brown o i l , which was 
sublimed under 0»005 mm, Hg. at 50°C to give- an orange s o l i d . T h i s was 
impure 3-bromoperfluoro-5,6,7,8-tetrahydroisoquinoline. ( Y i e l d = 0-2g., 
8 % ) . Molecular weight = 391 (Br = 79) w i t h one bromine atom. I n f r a - r e d 
spectrum No. 27. N.M.R. spectrum No, 19. Vapour phase chromatography at 
150°C, appeared to show only one component. 
The impure hydro d e r i v a t i v e was prepared as f o l l o w s . The r e s i d u e of 
hydrazino compound was s t i r r e d w i t h water (50 ml.) a t room temperature and 
a s o l u t i o n of copper s u l p h a t e (3'0g.) i n water (50 ml.) was added over 1^ h. 
S t i r r i n g was then continued f o r another 2 h. Water (50 ml.) and e t h e r 
.(150 ml.) were added and the etheV l a y e r was separated. The aqueous l a y e r 
was e x t r a c t e d with more et h e r (100 ml.) and the combined e t h e r l a y e r s were 
d r i e d with anhydrous magnesium s u l p h a t e . A f t e r f i l t e r i n g , the s o l v e n t was 
removed from the f i l t r a t e and l e f t a b l a c k s o l i d . S u b l i m a t i o n under 
0-005 mm. Hg. a t up to 150°C produced a very s m a l l amount (<0«lg.) of a 
y e l l o w s o l i d , which s l o w l y darkened and c o n t a i n e d some monohydroperfluoro-
5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e . ( I d e n t i f i e d by the mass spectrum. Parent 
peak a t 313). 
5.3 Re a c t i o n of P e r f l u o r o - 5 ( 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e with Ilexafluoropropene 
i n the Presence of F l u o r i d e Ion 
A l l the apparatus was r i n s e d w i t h acetone and thoroughly d r i e d i n an 
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oven before use. P e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e (l>5g., 4*5 mmole). 
dry caesium f l u o r i d e (5g. , 33 mmole) and dry sulpholane (30 ml.) were 
pl a c e d i n a f l a s k f i t t e d with a magnetic s t i r r e r , gas-tap, condenser and 
v a r i a b l e volume r e s e r v o i r . The f l a s k was evacuated, and then f i l l e d with 
hexafluoropropene gas ( l 6 g . , 107 mmole), and the mixture was s t i r r e d a t 
room temperature u n t i l a l l the gas had been used up, which took about 3 h. 
V o l a t i l e s were then transfex-red out under vacuum i n t o a c o l d t r a p and 
comprised two m a t e r i a l s , one of which was a l i q u i d a t room temperature, and 
the other of which was a white s o l i d . The l i q u i d was oligomers of h e x a f l u o r o 
propene, w h i l e the s o l i d was p e r f l u o r o - 5 , 6 , 7 . 8 - t e t r a h y d r o - 2 1 4 — b i s i s o p r o p y l -
q u i n o l i n e . ( Y i e l d = 0-5g., 17%). M.p. 48-4-9°C. , b.p. 171°C. (Found: F, 
69*3%. C NF r e q u i r e s F 69*24%. Carbon and n i t r o g e n a n a l y s e s were 
i n c o n s i s t e n t , probably because of l o s s of o l e f i n from a ' i d e c h a i n and 
incomplete o x i d a t i o n ) . Molecular weight = 631. i n f r a - r e d spectrum No, 28. 
N.M.R. spectrum No. 20. Vapour phase chromatography a t 200°C showed only 
one component. 
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APPENDIX 1 
I n f r a - r e d S p e c t r a 
Spectrum No. Compound S t a t e 
1 Nonachloroacridine KBr D i s c 
2 Nonachlorophenanthridine - KBr D i s c 
3 P a r t i a l l y c h l o r i n a t e d 7,8-benzoquinolines KBr D i s c 
4 Nonachloro-7,8-benzoquinoline KBr D i s c 
5 Octachloro-9-acridanone KBr D i s c 
6 Octachloro-6-phenanthridanone KBr D i s c 
7 Octachloro-9-methoxyacridine KBr D i s c 
8 O c t a c h l o r o - 9 - e t h y I i m i n o a c r i d a n KBr D i s c 
9 Octachloro-6-methoxyphenanthridine KBr D i s c 
10 0ctachloro-6-diethylaminophenanthr:i.dine KBr D i s c 
11 1,2,3,4,5,6,7,8-0ctachioroacridine KBr D i s c 
12 9 - n - B u t y l - l , 2 , 3 , 4 , 5 . 6 , 7 , 8 - o c t a c h l o r o a c r i d a n KBr D i s c 
13 Nonachlorobiphenyl-2-cyanide ICBr D i s c 
14 Hexachloro-2-methoxyquinolinc KBr D i s c 
15 Pentachloro-2,4-dimethox5 rquinoline KBr D i s c 
16 Hexachloro-2-diethylaminoquinoline Contact F i l m 
17 Hexachloro-l-methoxyisoquinoline KBr D i s c 
18 H e x a c h l o r o - l - d i e t h y l a m i n o i s o q u i n o l i n e KBr D i s c 
19 2,3,6,7,8-Pentachloroquino-[4,5~cd]-l,2-
d i t h i o l e KBr D i s c 
20 Aininohexach.loronaphthalene ICBr D i s c 
21 5 , 6 , 7 , 8 - T e t r a c h l o r o h e p t a f l u o r o i s o q u i n o l i n e Contact F i l m 
22 P e r f l u o i - o - 5 , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e Contact F i l m 
23 3-Methoxype.rf luoro-5,6 , 7 , 8 - t e t r a h y d r c i s o -
q u i n o l i n e Contact F i l m 
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Spectrum No. 
24 
25 
26 
27 
28 
Compound 
1 }3-'3imetho:<yperf luoro-5,6,7,8-tetrahydro-
i s o q u i n o l i n e 
3-Diethylaminoperfluoro-5,6,7,8-tetrahydro-
i s o q u i n o l i n e 
P e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o - 1 , 3 -
b i s i s o p r o p y 1 i soqui no1i ne 
3-Bromoperfluoro-5,6,7,8-tetrahydrciso-
qui n o l i n e 
P e r f l u o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o - 2 , 4 -
b i s i s o p r o p y l q u i n o l i n e 
State 
Contact F i l m 
Contact F i l m 
Contact F i l m 
Contact F i l m 
Contact F i l m 
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APPENDIX 2 
A Note on Mass Spectra 
Many of the compounds described i n t h i s t h e s i s c o n t a i n c h l o r i n e f o r 
which more than one isotope i s s t a b l e and reasonably n a t u r a l l y abundant. 
The parent peaks o f these compounds show a group of peaks according t o 
35 37 
whether Cl or Cl isotopes are present i n the molecular i o n . I f there 
i s only one c h l o r i n e atom i n the molecule, then the molecular i o n w i l l appear 
as: 
35 37 
because there are roughly three times as many Cl atoms as Cl atoms i n 
n a t u r a l abundance samples. With more than one c h l o r i n e atom, the molecular 
ion w i l l appear as a more complex p a t t e r n o f peaks separated by two mass 
u n i t s . 
The molecular weights quoted i n t h i s t h e s i s are based 0 2 1 the molecule 
35 
i n which a l l o f the c h l o r i n e atoms are of the CI isotope, and are t h e r e f o r e 
the lowest mass peak i n the mass spectrum o f the molecular i c n . The 
i n t e n s i t y p a t t e r n o f the peaks i n the molecular i o n i s h i g h l y c h a r a c t e r i s t i c 
of the number o f c h l o r i n e atoms present i n the molecule, and the number 
of c h l o r i n e atoms present i n the molecules have-! been quoted from t h i s means 
of measurement, using published t a b l e s o f i n t e n s i t y p a t t e r n s f o r c h l o r i n e and 
223 
bromine c o n t a i n i n g compounds. 
Bromine i s l i k e c h l o r i n e i n having two s t a b l e isotopes, separated by 
79 8 l 
two mass u n i t s , Br and Br, but they are o f approximately equal abundance, 
so t h a t i f one bromine atom i s present i n the molecule, then the molecular ion 
appears as: 
1 1 
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As w i t h c h l o r i n e compounds the molecular weights of bromine c o n t a i n i n g 
79 compoundsj quoted i n t h i s t h e s i s , are based on the lower mass is o t o p e , Br, 
and the mass spectrum has been used t o i d e n t i f y the number o f bromine atoms 
present i n the molecules. 
Most o f the halogenated compounds described i n t h i s t h e s i s have q u i t e 
s table molecular io n s , so t h a t the parent peak i n the mass spectrum i s 
normally strong and c l e a r l y seen. T h i s i s p a r t i c u l a r l y t r u e of h i g h l y 
c h l o r i n a t e d compounds. The amount o f fragmentation i s normally s m a l l , and 
occurs by successive l o s s c f halogen atoms. 
Exceptions t o t h i s are compounds w i t h a f a i r l y l a r g e and e a s i l y l o s t 
side chain, such as an n-butyl group. With these compounds the parent peak 
may not be seen, and an important fragmentation r o ute i s by breakdown o f 
the side chain, such as by loss o f an alkene. 
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APPENDIX 3 
N.M.R. Spectra 
Spectrum No. 
3 
4 
10 
11 
12 
13 
14 
15 
Compound 
Octachloro-9-ethyl imi noacridan 
Octachloro-6-diethylamino-
phenanthridine 
9-n-Butyl~l s2,3,4,5,6,7,8-
o c t a c h l o r o a c r i d a n 
Hexachloro-2-methoxyqui n o l i ne 
Pentach.loro-2,4-dime thoxy-
q u i n o l i n e 
Hexachloro-2-di e thy1am i n o -
q u i n c l i n e 
Hexachloro-2-di et hy1ami no-
q u i n o l i n e 
Hexachloro-l-methoxyiso-
q u i n o l i n e 
Hexachloro-1-methoxyiso-
q u i n o l i n e 
Hexachloro- 1-diethylaminoiso-
q u i n o l i n e 
5,6 , 7,8-Tetrachloroheptafluoro-
i s o q u i n o l i n e 
3-Methoxyperfluoro-5,6,7,8-
t e t rahy d r o i s o q u i n o l i n e 
3-Methoxyperfluoro~5,6,7,8-
t e t r ahy d r o i so qu i no 1 i u e 
1,3-Dimethoxyperfluoro-5,6,7,8-
t e t r a h y dro i soqu j. n o l i ne 
1,3-Dimethoxyperfluoro-5,6,7,8-
t e t r a h y d r o i s o q u i n o l i n e 
Nucleus Solvent 
H Chlorobenzene 
Carbon T e t r a c h l o r i d e 
II Carbon T e t r a c h l o r i d e 
H Carbon T e t r a c h l o r i d e 
H Carbon T e t r a c h l o r i d e 
Carbon T e t r ac! I 1or i d « 
13, 
13, 
19, 
H 
19,. 
H 
1 0 
Deuterochlo.ro form 
"H Carbon T e t r a c h l o r i d e 
Deuterochloroform 
H Carbon T e t r a c h l o r i d e 
L i q u i d 
Acetone 
Acetone 
Carbon T e t r a c h l o r i d e 
Acetone 
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Spectrum No. Compound Nucleus Solvent 
3-D i ethylam i nop er f1uoro-
16 5,6,7,8-tetrahydro^so- H L i q u i d 
q u i n o l i n e 
3-Diethylaminoperfluoro-
19 
17 5,6,7,8-tetrahydroisc- F . L i q u i d 
q u i n o l i n e 
Perfluoro-5,6 57,8-tetrahydro-
18 - , , • • T • i • F L i q u i d 1,3-bi s i sopropyl I soqumol me 
3-Bromoperfluoro-5,6 f7,8-
19 > _ < F Acetone t e t r a h y d r o i s o q u i n o l i n e 
P e r f l u o r o - 5 ; 6 3 7 , 8 - t e t r a h y d r o -
20 „ , . . . F Acetone 2 ) 4 - b i s i s o p r o p y l q u i n o l i n e ' 
A l l s h i f t s are given i n p.p.m. and coupling constants i n Hz. 
T e n t a t i v e assignments are i n brackets. 
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O c t a c h l o r o-9 - & t h y l i i i i i n o a c . i - i d a n 
N - C H C i l 
2 3 
H Shi f t 
0-9 
6-3 
Assignment 
CH3 
CH 2 
JCH -CH 7 
2 3 
Octachloro-6-diethylaminophananthridine 
T 
N(CH CH ) 2 3 2 
S h i f t 
1*3 
3-6 
Assignment 
CM 
2 
JCII 2-CH 3 8 
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3. 9-n-Buty1-1,2,3.4,5,6.7.8-octachloroacridan 
II n-Bu 
S h i f t 
0-9 
1*1-1-7 
4-9 
7-5 
Assignment 
CH_ 
2 3 
9 
N-H 
CH -Cl-L 2 3 
= 3; J 9H-CH, " J9H-NH 
41. Hexachloro-2-methoxyquino 1 i ne 
H S h i f t 
4-3 
Assignment 
OCH 
5. Pentachloro-2.4-dimethoxyquinoline 
OCH 
Cl 
OCH 
S h i f t 
5-2 • 
5.4 
A s s i c nm e nt 
(2-OCH ) 
(4-OCH ) 
19& -
} lexach I oro-2--diethy lain i no qui no l i n o 
\ N ^ J ^ N ( C I - I 2 C H 3 ) 2 
S h i f t 
1-3 
3-8 
Assignment 
CH 
3 
C H 
° C H - C H " { 
2 3 
Hexachloro-2-diethylaminoquinoline 
V-J. I C l J 
13, S h i f t Assignment 
13-0 
44 • 8 
4 
119-5 3 or 10 
121-9 10 or 3 
127-3 5,6,7 or 8 
128 «9 5,6,7 or 8 
130-3 5,6,7 or 8 
133-5 5,6,7 or 8 
139-6 4 or 9 
141-3 9 or 4 
155-1 2 
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8. Hcxachloro-l-methoxyisoquinoline 
CI CI 
OCH, 
H S h i f t 
4-3 
Assignment 
. OCH 
9. Hexachlbro- 1-niethoxyisoquinoline 
CI CI 
.N 
OCH, 
13 f S h i f t 
54-7 
113- 0 
114- 7 
# 
125-2 
127-3 
130- 4 
131- 2 
135-6 
142-5 
153-4 
Assignment 
° C H3 
4 or 9 
9 or 4 
5 or 8 
8 or 5 
6 or 7 
7 or 6 
10 
3 
1 
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10. Hexach 1 oro-1- d i ethy 1 a i n i n o i s o q u i n o l i n e 
r 
H 
N ( C H CII ) 2 y 2 
S h i f t 
1-3 
3-7 
J = 7 
CM - C H ' 2 3 
Assignment 
C H 3 
CII 
11• 5,6,7,8-Tetrachloroheptafluoroisoquinoline 
19 F ! 
F C I 
S h i f t 
60« 7 
79.7 
94-0 
106«2 
142-4 
Assignment 
1 
3 
a CFC1 
two CFC11s 
4 + a CFC1 
12- 3-Methoxyperfluoro-5,6.7.8-tetrahydroisoquino]ine 
,0CH„ 
S h i f t Assignment 
3-8 OCII 
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13. 3-Methoxyperfluoro-S,6.7,8-tetrahydroisoquinoline 
OCH 
N 
19 F S h i f t Assignment 
69-3 
I.O7.6 CF 8 
110»8 CFr. 5 
CF 6 137-3 
144- 6 
18 18 29 J i 1. 4-5 
14 . 1,3 -P i »ie thoxype r:f 1 uoro-5,6 , 7.8 -1 e t r ahy d r o i soq u i no 1 i ne 
OCH. 
OCH, 
H S h i f t 
3-8 (broad) 
Assigment 
two OCH„ 
- 200 -
15• 1 ,3-Dimethoxyperf 1 uoro - 5 ,6,7-, 8 - t e t r a h y d r o i soquino 1 ine 
F 
OCH 
OCH, 
19 F S h i f t 
109'2 
110-4 
136-8 
153-9 
Assignment 
. CF 0 2 
C F 2 5 
CF 2 6 + 7 
'4-5 19 
16. 3 - D i e t h y l a m i n o p e r f 1 u o r o - 5 , 6 . 7 . 8 - t e t r a h y d r o i s o q u i n o l i n e 
N ( C H 2 C V 2 
II S h i f t 
1-2 
3-5 
Assignment 
CH_ 
CH, 
JCH -CH ~ ? 
2 3 
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1 7» 3-Dieth.ylaminopei-f l u o r o - 5 . 6 . 7 . 8 - t e t r a h y d r o i s o q u i . n o l i ne 
, N ( C H 2 C H 3 ) 2 
19 F S h i f t 
66-2 
105 • 5 
110-9 
136 
143 • 2 
Assignment 
1 
C F 2 8 
C F 2 5 
C F 2 6 -,- 7 
J l - 4 " 2 8 ' J 4 - 5 27; J 3 _ 8 = 18 
18, P e r f l u o r o - 5 , 6 . 7 . 6 - t e t r a h y d r o - 1 . 3 - b i s i s o p r o p y l i s o g u i n o l i n e 
' C F 
C F : ' C F 
19 F 
4_5 " ~ u> 
S h i f t 
75- 6 
76- 4 
103-3 
107-8 
113-9 
137-0 
1.82-8 
187.0 
r 4 - t e r t i a r y F 3 
Assignment 
C F 3 x 2 
C F 3 x 2 
C F 2 8 
C F 2 5 
4 
C F 2 6 + 7 
t e r t i a r y F 1 
t e r t i a r y F 3 
5 5 ' J 8 - t e r t i a r y F 1 = 76 
- 2 0 2 -
3-Bromoperf l u o r o - 5 , 6 . 7 . 8-tetraJTycU-oisoquinoline 
.Br 
1 9 r S h i f t 
6 7 - 3 
109 • 6 
1 1 0 - 8 
1 1 7 - 4 
1 3 7 - 0 
Assignment 
1 
C F 2 8 
C F 2 5 
C F 2 6 + 7 
l ~ 4 = 3 0 ; ' 4 - 5 = 1 6 ; 16 
P e r f l u o r o - 5 . 6 , 7 ? 8 - t e t r a l i y d r o - 2 | 4 - b i s i s o p r o p Y l q u i n o l i n e 
19 F 
CF„ .CF„ 
3 - C F ^ 3 
S h i f t 
- 7 5 
1 0 2 - 7 
1 0 9 - 1 
1 0 9 - 8 
~ 1 3 6 
- 1 7 5 
Assignment 
CF x 4 
C F 2 5 
C F 2 8 
C F 2 6 + 7 
t e r t i a r y F 2 
J C 4- 4 • ^ i = 8 0 
5 - t e r t i a r y l 1 4 
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APPENDIX 4-
U l t r a - v i o l e t Specti-a 
Spectrum No. Compound 
1 6-Phenanthridanone 
2 Nonachloroacridine 
3 Nonachlorophenanthridine 
4 N o n a c h l o r o - 7 , 8 r b e n z o q u i n o l i n e 
5 O c t a c h l o r o - 9 - a c r i d a n o n e 
6 Octachloro - 6-phenanthridanone 
A l l s p e c t r a were recorded i n s o l u t i o n i n spectro&ol carbon t e t r a c h l o r i d e 
and at the ambient temperature of the spectrometer. A l l peaks i n the range 
2 5 0 to 700 nm are given, and peaks which a r e sh o u l d e r s a r e marked ( s ) . 
1. 6-Phenanthridanone 
Wavelength nm Molar Absorbance 
3 3 7 1400 
3 2 2 17OO 
3 1 1 1300 
273 ( s ) 2 0 0 0 
2 6 l 3 0 0 0 
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Nonachloroacri dine 
Wavelength run 
4 4 2 
421 
3 9 7 
3 7 7 
359 ( s ) 
3 2 5 ( s ) 
2 9 5 
2 8 5 ( s ) 
273 ( s ) 
Molar Absorbance 
3 0 0 0 
4000 
5 5 0 0 
3 2 0 0 
2 0 0 0 
1 5 0 0 
1 1 8 , 0 0 0 
48.600 
17,400 
Nonachlorophenanth.ri dine 
Wavelength ran 
403 ( s ) 
386 ( s ) 
3 5 4 
3 2 0 ( s ) 
288 
Molar Absorbance 
16,800 
3 8 , 8 0 0 
84 , 1 0 0 
2 6 3 , 3 0 0 
3 4 3 , 8 0 0 
Nonachioro - 7 , 8-benzoquinoline 
Wavelength nm 
395 ( s ) 
3 2 2 ( s ) 
3 0 2 ( s ) 
2 8 5 
286 ( s ) 
2 6 l 
Molar Absorbance 
1000 
1 0 , 5 0 0 
14 , 7 0 0 
15,800 
1 6 } 3 0 0 
2 0 , 5 0 0 
- 2 0 5 
O c t a c l i l o r o - 9 - a c r i da none 
Wavelength nm 
4 4 4 ( s ) 
4 2 2 ( s ) 
3 9 9 
3 8 2 ( s ) 
324 
294 
2 7 4 
Octachloro - 6-pbenanthridanone 
Wavelength nm 
3 7 0 
2 9 4 ( s ) 
2 6 6 
Molar Absorbance 
9 0 0 
1 2 0 0 
3 3 0 0 
' 2 4 0 0 
2 0 0 0 
3 4 . 1 0 0 
2 9 , 6 0 0 
Molar Absorbance 
1500 
4 0 0 0 
8 1 0 0 
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